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PREFACE TO THE FIRST EDITION 
LEA > „== 1+ a ee eee 
“Experiment is the interpreter of nature. Experiment never 
deceives. It. is our judgement which sometimes deceives itself, 
because it expects results which experiment refuses." 
—Leonardo da Vinci 
We are living in a modern age. A complete and generous 
education is a prime necessity now, when the competition for 
existence is growing every moment and the struggle for inter- 
national supremacy is threatening the very civilization. 


We are moving fast, infact too fast. While the modern 
inventions have made our actions responsive to touch, the man of 
tomorrow must know how to keep pace with them. The future 
man is being manufactured in our class-rooms and laboratories 
now. To keep pace with his future environments, he must develop 
in him the technique of maximum output with the minimum of 
time, energy and material. The present day education ought to 
help him to acquire that. ‘Plus Two Experimental Physics’ asa 
part of education, has a primary duty in this direction. 


This book presents a text on experimental Physics intended to 
meet the needs of Class XI students opting for new Physics courses 
at the Plus Two stage of 10--2 year pattern of education: The 
book has been written after a long and direct contact of about 30 
years with the students of Physics and in this period of contact I had 
the privilege to come across the actual problems confronting students 
in the laboratories. 

The broad objectives of the new experimental course are : 

(1) to develope curiosity of the students. 

(2) to learn scientific method and develop creative ability 
through experiments and investigations, and 

(3) to emphasise practical work in physics through interesting 
exreriments, both short and long several of which can be done by 
using low cost items easily available. 


The aim of the book is, however, not to replace the teacher. 
The teacher in thelaboratory can always train a young pupil on 
proper Jines; the present book isto serve as an aid for this 
purpose. 

The book is written in a simple and lucid language and is 
strictly according to the new syllabus prescribed by the Central 
Board of Secondary Education, New Delhi. In the book, greater 
emphasis has been laid on the experimental, rather than the 
theoretical aspect of each experiment. Of course, the theory 
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inci experiment essential for its successful perfore 
meee [M E саць and discussed. While describing 
the steps of procedure for the experiment logically and systematically, 
attention has been pointedly drawn to fhe important precautions to 
be observed at this stage. The record of observations is an 
important part of the procedure of the experiment. For this 
purpose simple and self explanatory tables have been drawn and, 
by way of illustration, actual readings have been inserted in some 
experiments and steps of calculation have been methodically shown. 
Whatever and whenever possible, graphical methods have been 
introduced. 


Figures of instruments and diagrams required for the experi- 
ments have been neatly and accurately drawn. They are mostly 
sectional, simple and their important components have bzen labelled. 
Various vital points for drawing scientifically correct conclusions 
from the observations of an experiment have been discussed in 
sufficient details in the “INTRODUCTION”. 


A special feature of this book is that at the end of every 
experiment there are specimen Oral Questions with their Answers 
(which are usually asked at the time of Board Practical Examinations) 
concerning the experiment whereby the student is encouraged to test 
his grasp of the Principles. This has been done with a purpose 
to lead the student to a better understanding of the experiment as a 
whole and thus to face the Practical Examinations with confidence, 


lam thankfulto several of my colleagues and friends and 
former students for their suggestions, criticism and help in the 
Preparation of the book. I shall feel greatly obliged to those 
readers who will bring to my notice the shortcomings of the book 
and forward to me their suggestions for its improvement. 


The book fully meets the requirements of the changed syllabus 
in Practical Physics for Class XI of Senior School Certificate Exami- 
nation of the Central Board of Secondary Education, New Delhi. 

The author wishes to express his special appreciation to the 
publishers, M/S PITAMBAR PUBLISHING COMPANY for their 


good work and painstaking efforts in bringing out this book in a 
short period of time. 


PREFACE TO THE SECOND EDITION 


In this edition, the experiments have been rearranged according to the 


Various sections as per the new syllabus. I hope the book in its present form 
will prove more useful, E 


K.K.M. 
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NOTE 
Students are required to perform 16 experiments in all, at least two 
experiments each from section A, B, C, D, E, F, G and H; in Class XI. 


Students will be required to conduct two experiments in the examination in 
Class XI. 


Distribution of marks is as follows : 
Two experiments =10 x2 = 20 marks. 


VIVA = 5 marks. 

Records = 5 marks. 

Total = 30 marks 
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INTRODUCTION 
(Accuracy, Errors, Graphs and Units) 


“Nature ts ever making signs to us ; she is ever whispering to us 
the beginning of her secrets ; the scientific man must be ever on the 
watch, ready at-once to lay hold of nature’s hint, however small ; to 
listen to her whisper, however low." — М. Foster 


In the world around us various natural phenomena are cons- 
tantly occurring. The sun rises and sets causing the succession of 
day and night. The seasons follow in regular cycles. The weather 
undergoes constant changes. The stars, lightning, rainbows and 
many other things we notice have beéfi the cause of wonder and 
curiosity to man. 

Gifted with an inborn intelligence, man has constantly tried to 
know the cause of the natural phenomena and the natural changes 
which he observes in his life. This enquiry carried on through 
generations, has led to a considerable amount of knowledge which 
we call Science. It is a Latin word which means ‘to know’, Ina 
general way, therefore knowledge of all kind is included in science, 
but in the ordinary accepted sense, Science is that branch of know- 
ledge which studies nature, its working and its laws. Knowledge 
connected with non-living bodies or inert masses which go to make 
up the world is called the Physical Science, but physics concerns 
itself with an investigation of matter and energy. 


Experiments. The growth of science has been very rapid in 
the last three hundred years. In this period, the experimental study 
of nature has been persued and it has proved extremely fruitful in 
revealing new knowledge, and as a means of deciding different 
theories, Galileo (1564-1642) may be called the father of experi- 
mental sciences. A. process of taking observations under conditions 
deliberately arranged so as to answer à particular question is called 
an experiment. The object of performing an experiment of Physics 
in the laboratory is generally either to determine the value of 
some constant e.g., acceleration due to gravity, value of earth's 
horizontal field, or to verify some principle, e.g., Boyle's law, laws 
of refraction. An experiment affords the opportunity to a student 
to familiarise himself with various instruments about which he 
reads in theory. It further provides him with a golden chance to 
learn the habit of systematic observations and methodical procedure 
and thus train him іп “How to do things honestly, efficiently and 
regularly.” 

Intelligent work is more important than good results ; students 
who try to change their observations simply for getting accurate 
results, do not work with the true spirit of a scientist. 
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Accuracy of Observations 


The fact that the accuracy of the final result is determined 
by the accuracy of the individual measurements and that all the 
measurements should be taken with upmost care is true but some- 
times we may err onthe other side, ie., we may waste time in 
taking some reading too accurately. It is no use taking one observa- 
tion to a much higher degree of accuracy than the other observations 
because it will not make the result more accurate. The accuracy of 
the result is the same as that of the least accurate observation. 


The strength of a chain is known by its weakest link and so a 
good observer will always look at the weakest spot in his measure- 
ments. He would take the quantities one by one as they occur in 
the formula and would calculate the % error involved in each 
measurement with the instruments provided. Those quantities 
which involve large % error would need his keen attention and he 
would use, if possible, an instrument of greater precision for their 


measurement, and thus bringing them to the level of the other 
measurements. 


In an experiment all observations are not equally important 
and the student should have a good idea of their relative importance 
so that the accuracy ina particular observation is not unnecessary 


pushed up. More attention should be paid to most important 
observations. 


For example, consider a wire of correct diameter 1'00 mm. If 
by mistake it is found as 1:02 mm, the error of observation is 2%. 
Its correct and observed area of cross-section (xr?) is 0:786 mm? 


and 0:817 cm? Iespectively and the error in i td 
Iesp its measurement is 
4%. If the radius is raised to 4t 


) h power, the error would become 
8%. The Ф error in the result is as many times greater as is the 
ротар towhich the quantity is raised. So the quantity having the 
SE est power should be measured with highest precision than the 


Accuracy Ordinarily Expected in a 

. Measuring Instrument 
Я The accuracy of a sin 
instrument depends upon th 


Instrument Error 
Metre-stick (in mm) 1 mm 
Vernier Calli 


pers (Vernier Constant=0'1 mm) 


0'1 mm 
Screw Gauge (Least Count— 0:01 mm) 0:01 mm 
Spherometer ( f & үе. ) 0:005 mm 
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Instrument Error 
Physical Balance 


(Sensitivity 1 mg per small division) 2 mg 
Physical Balance (method of oscillation) 1 mg 
Thermometer (0°5°C div.) 02°C 

(Using eye-estimation) 
Thermometer (0°1°C div.) 005°C 
(Using eye-estimation) 
Stop watch (1 s.) #5. 


The table is meant to give the student a rough idea of the 
limit of accuracy and should not be taken exact. 


The observations should be recorded with the same degree of 
accuracy as the measuring instrument permits. For example, in the 
measurement of the temperature with a half degree thermometer it 
is foolish to put down the reading correct upto a second place of 
decimal say 26°69, because the least count of the thermometer is P 
and at the most we can estimate upto 1/10th of a degree. Thus with 
such thermometers the observations of temperature should be 
recorded only upto the first decimal place. 


It is commonly used to denote the reliability of the indication 
of a measuring instrument, when taking an observation, fraction of 
the smallest divisions may be estimated and recorded as far as 
possible. For instance, a length found to be exact 9 cms should be 
recorded as 9'0 cm to indicate that nearest mm has been read. Simi- 
larly, a temperature reading found to be exactly 25° should be regis- 
tered as 25 0° to indicate that 10ths have been read and so for the 
mass if it is 76:5 g, it should be noted as 76:500 g to indicate that 
correct upto a'mg has been weighed. 


You may find that in spite of all your efforts, there may be 
some difference between your calculated result and the standard 
value from physical constant tables. Absolute error is the difference 
between calculated result and the standard value. Remember, it is 
not the absolute error, but the percentage error which is the ratio 
of the absolute error to the total magnitude of the quantity multi- 
plied by 100 that determines the accuracy of a measurement. If, for 
example, a student gets the value of gas 960 instead of 980, he is 
terrified by this large difference of 20 which is the absolute error, 
but he feels satisfied when he gets 0°000013 as the coefficient of 
linear expansion of iron in place of 0000011. The first result, how- 


- 20x 100 
ly 980 


second there is an error of 


ever, is оп or 2% approximately low, whereas in the 


“00002 x 10. 
7000001 ^ 18%: If you find that your 
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i do not cook it by changi- 
esult does not tally with the standard value, 1 
pn your observation or writing fictitious reading or by doing Wrong 
calculations but try to find out the cause of errors and state it in the 
sources of error. 


ERRORS 


The quantities, which the students generally measure, may be 
mass, length, time, volume, temperature, current, potential diffe- 
rence, degree etc, In all these cases observation finally reduces to the 
reading of a scale or noting the coincidence between two marks. As 
the personal judgement of the observer is employed in estimating 
the coincidence between two marks or in recording the position of a 
pointer which is between two marks of a scale, so an error is inevi- 
table. Besides, slight changes in experimental condition (e g., small 
changes of temperature, pressure, voltage, etc.) may occur during the 
experiment and lead to small uncertain errors. 


1, Random Errors. The errors arising out of small changes 
in the experimental conditions and the personal judgement of the 
observer are known as random errors. When random errors are due 
to entirely to chance, and not due to any personal bias on the part 
of the observer, they ate likely to be positive as well as negative. 
When an observation gives a higher value than the true one, the 
error in the observation is said to be Positive. Large random errors 
due to chance are less likely to occur than the small, Ifa large 
number of observations of the same quantity is made, it is likely 
that most of them will have small errors, each one of which has as 
much chance of being positive as negative. Hence the arithmetic 
mean of several readings is likely to be closer to the true value than 
any one of the individual readings. 


T > ve difference 
when calculated in % is very large, it should be certainly rejected. 


difference is not always so pronounced as 


“Find the difference between arithmetic mean and indi 

à | € each indi- 
аА reading. Add up these differences, disregarding the signs and 
take their mean which will represent the mean error.” 


Let the values of focal length i 
student be (3) 372, (ii) 379 aes 
i 3 


t ti Piece Pun д к 
ү са E penne ively, G) —07, (ii) 0:0. (iii) 4-074, 
Ing their signs, value is 1°5 and th 
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value 0:25 represents the mean error and the student may express his 


value as 37°9+0°25 cm. 

2. Systematic Errors. If during an experiment.a factor 
operates in such a way as. to make the observed value always higher 
or lower than the true value, this type of error is said to be systema- 
tic e.g., instrumental errors (zero error, bench error, etc.) radiation 
loss or gain in calorimetry. 

In the case where the source of systematic error is known, 
action. should be taken to remove it. Thus, the zero error оѓа, геад- 
ing instrument is checked and the proper correction is applied to 
the reading. Error due to radiation loss is allowed to occur and 


then corrected for. 

In some cases, the source of systematic error may not be 
definitely known but its existence is apparent. In such cases, the 
experiment is repeated under. different conditions. If variation of 
conditions does not change the result, one may set his mind at rest 
that there is no systematic error. 

Arithmetic Mean. When a large number of observations 
are required, as in the measurement of the diameter of a wire, the 
readings should be taken all over the length and in various direc- 
tions, even if most of them happen to be the same. They should 
all be recorded and their arithmetic mean be taken. For taking a 
really independent reading in the repetition of an experiment, 
either, if possible some other part of the scale should be used or 
the magnitude of the various quantities should be altered and the 
result be calculated in each case. The mean result, must then be 
found. Ifin an experiment on simple pendulum /, ls, Iş be the 
three widely different lengths and ty, ts, ta the corresponding time 
periods, then the mean is not taken of the three lengths and the 
three.time periods, but I[t* is calculated for each observation and the 
mean is taken of the nearly constant results of 1/t*. Yt would be 
unnecessary to calculate ‘g’ for each observation and then get the 
mean value of ‘g’, for, in each case 1? is to be multiplied by a 


constant 4. 

Sometimes due to an accidental error of observation, a 
particular result comes out to be exceptionally too high or too 
low. This should be rejected or its observations, if possible, should 
be checked again, for it will otherwise mar the whole result. Meam 
cannot be taken when the different results are very much different 
from one another. In such.cases the- experiment should. he, performed 
again until the differences are reduced to within the experimental 


error. 
Combination of Errors 


(a) Addition and subtraction. If two quantities are to be 
added to or subtracted from each other, the error in the result is 
not obtained by using the fractional errors. The two errors аге 
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iti i d the result 
her for both addition and subtraction an 
"S 25 xd asa fraction or percentage of either the sum or the 
di Ent of the two quantities. Thus if the two measured quantities 
fee hes x+Łöx and y:t3y the value of the sum will be quoted 
ocean tie eg and the value of the difference will be x—yd 
DS d Divisi If two quantities x and y 
Multiplication an Division. lftwo qua es 2 

е Жеп КЕШКЕ the fractional error in the product is the sum 
of the two fractional errors in the x and y. Let ôx, ôy be the errors 

A xand y. Then the error in the product will be in the range : 


(x3:8x) (у-Ебу)—ху= ty Sx+x8y, 


it i vith yx, x5) etc., then 
e neglect хдр as it is small compared with y x, xy cte., then 
ws eget possible error (positive or negative) in x» will be 


p ax 
zk(y8x--x8y) and the fractional error in xy will be + [( = ) ar 


(+)] i.e., the sum of the fractional errors in x and у. 
2 


= “ (х--8у)_, 
The largest value of the quotient will be 2292 i.e., an error 


0-3) 
of Ге. ae | or a fractional error of 
ORO ЕЕ 
x+8x ) 2]. X Ay ydx—xy+xdy БО ы E ДА 
DE. EP VETT e DERE ERES, x p xa 


neglecting 3y in comparison with у. 


А f (x—8x) 
-The smallest value of the quotient will be OFS) and a 
similar calcuiation shows that the fractional error is now 


AG (>) - Thus the quoted error in ~ will be 
x ay 3 


3) 


(c) Powers. It is obvious from the above that, if the same 
quantity x is multiplied together ‘n’ times (i.e., x" is obtained), the 
fractional error in x^ is ‘n’ times the fractional error in x. Itis not 
quite so obvious that, i 


error is 25 of the fractional error of x, so we Shall prove it using 


the binomial theorem, 
1, 
Error — ^v I-8x)!/s — xin ду 14- =) sd 


M 1/ 
B n 1/n 
3x I 


| Fractional error= 15 . = 
| n x 

(d) Logarithmic Functions. Ifthe final result contains a 
logarithmic function, there are two ways of dealing with the error. 
In the first, the logarithms of the mean value plus and minus the 
error are found, the difference taken, and this is expressed as a 
fraction of the log of the mean value. Secondly, 


y=logex 
ôx 
$ == x? 
8 bx 
= =T and so the error can be calculated. 


(e) Trigonometrical Functions. Quite often the final result 
depends upon the sine or some other trigonometrical function ofan 
angle that has been measured. The fractional error wanted will be 
that of the function and not of the measured angle. Suppose an 
angle 0 has been measured with an error of 89, and the final result 
includes the expression sin Ө. 

error in sin 0—9 (sin 6)=cos 0 50. 


30 
tan 0. 
Now tan 0 can have all values from 0 to со so that the fractional, 
error can have all values from infinity to 0. 


Suppose the critical angle in a medium is measured as 40°4 1°, 
What is the fractional error in the value of the Refractive Index ? 


fractional error= 


RI =cosec 0 
E= sin 0 
3 р= —сої 0 соѕес Ө 30 


=—cot 0 80, 


Г 
E IS Ж et ly 
cot 40*—1:19 , 30—1*— -gy = 0 


о 


p=cosec 40°=1°55 to 1 part in 50 
=1°55+0°03 
Suppose y=tan x 
By—sec! x dx 
by — 1 29» 


= - ےک‎ 
y cos x sin x sin 2x * 


This is obviously smallest when sin 2x is greatest, i.e., x=45° 
If it is possible to choose, one chooses, angles ciose to 45°, t 
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Examples on the Calculation of Errors 


Example 1. The following observations were actually made 
déaring‘an periment to find the value of ‘g’ using simple pendulum. 
Length of simple pendulum=/= 100:ст 
Time for 20 vibrations=40s 


Now T=2k NE when T—time period 
8 


I=length of the simple pendulum 
g= acceleration due to gravity 


g=4n? E =4r? : z Where r=time for 20 vibrations 
(20 
3 
or g=4r?l. e». 


Taking log of both sides 


log g-—log 4+2 log &-Flog 1+2 log 20—2 log t 
Differentiating, we have 


8 
3£ 0404 49236 
g I t 
Converting the negative errors into positive ones for maximum 
effect, we have 


40 85 5]—0:1 cm—least count of metre scale 


and 3/—0:10—least count of stop watch. 
= =6°001 +0:0050=0°0060. 


Maximum possible error —0:0060 x 100 
ji =0°60%. 

; maximum contribution to total'error is 
100) so ‘f’ should be measured very carefully. 
, Example 2. The follow; 
during an experiment to find 4 
mirror using а spherometer. 


05% (i.e., 0'005 x 


Б observations were actually made 
‘the radius of curvature of a concave 
1—4'4 cm, h=0:085 cm 
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IR 
Now К=с- 2° 
Taking log of both sides 
log R=2 log J—log 6—log A+log h—log 2 
Differentiating both sides 


SR 23 8h Sk 


Converting the negative errors into positive ones for maximum 
effect, we have 


èR 2201 28h 
Rig TRO 
= 2x01. 2x001 as 8/=0'l cm=Least count of metre 


scale. 
and 8h=6'001 cm=Least count of spherometer. 
=0°045-+0°023 
=0'068 
7. Maximum possible error— 0:068 x 100 


=6°8%,. 

It is important to note that the maximum contribution to total 
error in the result is due to the individual error i.e., 4°5% in the 
measurement of distance (/) between the fixed legs of the sphero- 
meter. Hence ‘/’ should te measured most carefully. 


GRAPH 


A graph is aline, straight or curved, showing the relation 
between two variable quantities (or their powers or functions) of 
which one varies as a result of the change in the other. It has, 
however, a much deeper significance. 

Just as no amount of a wordy description of a landscape can 
convey the same, vivid idea to the mind asa painting or a nice 
photograph, so also no amount of data, however nicely recorded, 
can give as clearly an idea of the relationship between two variable 
quantities as a graph. A graph has the same utility to а scientist as 
a picture for a layman. 


In hospitals, regular temperature charts are kept of all pati- 
ents so that the doctor may at once see how the patient's tempera- 
ture is rising or falling. This would not be possible if he was 
given figures of temperatures and time, however, nicely entered in 
a tabular form. Not only this, these days graphs are widely used 
in almost all departments. There are graphs showing the increase 
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and decrease of revenue in various government departments. You 
can also have a graph how your income and expenditure varies 
monthly. 


A graph gives not only the relation between two variable 
quantities, it also enable us : 

1. To determine the value of a quantity not actually observed 
during tbe experiment, e.g., the temperature of a patient can be 
known from the graph for a time when it was not actually taken. 

2. To verify certain laws e.g., Boyle’s law, it tells us how far 
we haye succeeded in taking our observations correctly, for if we 
do not obtain the required form of a graph for the given relation, 
we have obviously done error somewhere. The graph shows the 
magnitude of the error also. 


_ 3. To calibrate certain instruments and to determine their true 
readings, e.g., ammeter, voltmeter, etc. 


How to Plot a Graph. Graphs are gencrally plotted ona 
paper ruled in millimetre square. The following are few simple 
rules that will help a student in plotting a good graph. 


i І. For drawing a graph, take at least six observations extend- 
Ing over a wide range. 


LENGTH LIN cm — 
FQ f) 


Fig. (i) 
2. Incase all the observati i 
; J ions are positive, d i 
Aes at ШЕН angles to each other at the bottom and kid ER Шек 
е Paper to indicate the axes of Teference, the horizontal 
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line as the abscissae or x-axis and the vertical lines as the ordinate 
or y-axis intersecting at a point O, called the origin. If the observa- 
tions also include some negative quantities, the origin may be taken 
somewhere in the middle of the paper. 

3. Asa general rule, the quantity that is made to alter at will 
is called the independent variable and is plotted against the x-axis 
and other which varies as a result of, this change is called dependent 
variable and is plotted against y-axis. Write clearly under the two 
axes the quantities which are represented by them. 


Examples. (a). The relation between natural numbers 
(independent variable) and their squares (dependent variable) can be 
easily represented by a graph. 


(b) In the simple pendulum where the time period is measured 
for different lengths by changing the length, length is the independent 
variable and the (time period)? or (t?) the dependent variable. 


(c) In the verification of Boyle’s Law where the volume is 
measured for various values of pressure, pressure is independent 
variable and volume (or 1/V) the dependent variable. 


Sometimes for the sake of convenience, the independent 
variable 15 represented along y-axis and the dependent variable 
along x-axis e.g., in the case of simple pendulum it is more conve- 
nient to take ‘/’ along the y-axis and t or /? along the x-axis. 


4. The scale along each axis should be chosen with a view 
to utilise the large part of the graph paper and at the same time 
retaining convenience of plotting. The unit of length on the graph 
paper and the unit of the quantities to be plotted should bear, to 
each other, a simple ratio. To achieve this, the round number, 
nearest and slightly less than the minimum value in the data 
should be taken near the origin and the nearest round number to 
the maximum value and slightly greater at the end of the required 
axis, the successive value being laid along the axis in an ascending 
order. А 

The student need not be disheartened if his points do not fall 
on the actual line or curve. They are the result of, and in a way 
a measure of, the amount of unavoidable experimental errors and 
his honesty. 

When is a Straight Line Graph Expected? The graphs 
generally drawn in Physics should bestraight lines, as the student 
may judge by mere look whether a graph is a straight line where 


as it is difficult to say whether it forms the part of an ellipse or a 
parabola. The attempt, 
therefore, always is to 
plot graphs between two 
such quantities as will 
yield a straight line. 


In order to under- 
stand when to expect a 
straight line graph, lét 
us Study the graph 
shown in Fig. (ii). Here 
the ratio y/x—yi/x, or 
broadly speśking y/x is 
constant for every point 
on the graph and is equal 
tan 0, where Ө is the FIG (ii) 


angle that the graph makes with the x-axis. Thus, whenever the 


/ t t iabl ge H 
ratio y/x between © variable quantities is constant, one should 
confidently expect the graph to bea straight line. 


As in Boyle’s Law PV or xy is constant and 
the student should put his Сане in the form Y s, E. ^p aa 
1/у or 1/V so that xx 1/у or РХ 1/V will again be a constant and 
the resulting graph c etween P and 1/V is a Straight line. It is for 
this very reason that a graph between length and (time period)? is 
generally plotted in the case of a simple pendulum. 


_ The reader will probably already know t 
relating re ogy quantities y and x in 
igher than the first occur will yield a strai ht li i 
r in E 

plotted against x. We can arrange any such EO PAR MEANA 


form [yx c|. The quantity ‘m’ is called the gradient or slope 
of the line. Lines with the same value of ‘m are all llel 
Fig. (iii). The quantity ‘c’ is a measure of the distance "OR" a id 
is called the intercept on the J-axis; the intercept on the x axis 


hat any equation 
which no powers 


. = А 
18 IT When а straight line graph is used as a source of infor- 


mation we nearly always measure the slope or intercepts or both 


A We eaa a S ee of Line. Select two points A, B 
well separated Fig. (iv). Recor Y observational points—which are 


xa (at A) and of ya and às Qo d Thee тарі the values of ул and 


J*—y. BC 


Ха-ха СА 


(хх) 


It. must be clearly understood that the distances BC and CA must 


Die = n9 


FIG (i) 
be measured in thc units of the scales of the graph and not in centi- 


= 
ron. = FIG (M 


or in ‘squares’. They are not merely distances e.g., if OY 
Tenis volle and OX amperes, the slope would be measured in 
ohms. 

Measurement of Intercepts. If as in Fig. (iv), the origin О 
from which the two scales are measured appears on the paper, it is 
easy to read off the intercepts OL and OM directly. Sometimes, 
however, the scale, chosen for quite ошый reasons is such that the 
origin does not appear on the paper. In such instances two well 
separated points are :sdlected as before and the values ӨГ ya, xa, ув, 
xs are reud from'the:scales-as before. Then ya —mxa-Fc and ys= 
mxs--e, so that by solving these equations the values of m, c and 
С. may be found. Alternatively the intercept on one axis сап 


often'be read from the graph and then ffm is measured, we can 


calculate the-other. 
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Deductions’ from curved graphs. Quantitative information 
is usually derived from curves by measuring the slope of the curve at 
Particular points as in the determination of rate of fall at tempera- 
ture from a cooling curve, or by determining the position of a maxi- 
mum or minimum, as in’ finding the minimum deviation produced 
by a prism or by measuring the area between the curve and the axis, 
as in the computation of total charge passed during electrolysis. 


mirror about until the curve and its reflection 
as one continuous curve. The reflecting surfa 


the curve ; so rule a line along its base with a pencil. The tangent 
is then the line through P at right angles to this normal and can be 


^ TANGENT 
2 


electrolysis experiment is read at regular inte; 
TV. 
mance and then I is Plotted agai i 


EES 


ap eae ee 


I(amp) 


о 


I(amp)—» 


t(Sec) —- : Feet 
FIG [vi (a)] EM 


the area shaded in Fig. [vi (a)] represents the charge passed during 
this short-time. Hence the total area lying between the curve and 
the line OT represents the total quantity of electricity which has 
passed through the solution. It is probable that the graph may be 
drawn more as in Fig. [vi (b)] with true origin not appearing i.e., 
with the area under the line LK [Fig vi (a)] omitted. This will 
enable the variations in current to be shown on a large-scale. If 
such is the case remember to add the area under LK to the total 
computed from your graph. 


The easiest method for determining the area is first to count 
all the large squares in the area, ticking them as recorded. Then 
count the number of small squares in each remaining portion of a 
large square. Ignore fractions of small squares less than half and 
count all greater than half as complete squares. Then add any 
correction for area not shown. Finally work out from the scales of 
that two axes what each square represents and multiply. Thus in 
Fig. [vi (b)] if one large square vertically represents 0°] amp. and 
one large square horizontally represents 30s. the area of each 
large square will represent 0°1 x 30=3 coulombs. 

In all cases it is important to check that the area between the 
curve and the correct axis measured. 


LOGARITHMS 
{Logarithm which literally means *'a rule to shorten Arith- 
matic”, “reduces to few days the labour of many months, and so- 
doubles, as it were, the life of a mathematician besides freeing him 


from the errors and digest inseparable from long calculations.”] 
— Laplace: 


Logarithms were invented by Napier. 
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“Му lord, I have undertaken this journey purposely to see your 
person, to know by what engine of wit or ingenuity you came first to 
think of this most excellent help in Mathematics, viz., the logarithms. 

—Briggs to Napier 

Definition and Notation. If a*=N ; then x is called the loga- 
rithm of N to the base a, and is denoted by logs N (read “log N to 
the base a"). 


[In words : 
index of the powe 
number.] 


Example. We know that 31—81. Therefore 4 is the logarithm 
-of 81 to the base 3, i.e., log 81—4. 


Logarithms are of two types : (i) Naperian in which the base is 

е. They ате used = Lahr qae d Semen, in which the base is 10. 

They are commonly used. en the base is not ioned, it is 

implied that the base is 10. Four-figure Logarithm ATP MU 
numbers to the base 10 aré given at the end of this book. 


The logarithm of a number to a given base is the 
rto which the base mustbe raised to equal that 


generally expressed in dec! 


Note : "CIE NN 
М [The mantissa is always positive | 
; How to find the WAYS positive, 4 

EU depends on d characteristic ofanumber. The char 
ЗАКЕ POsition of the d siagnitude Of the number and is determine 
ef of ma tie is positive pon Point. For number greater than ones Bu 
he dan) it ee Point, Fop 1625 than the number of digits 10 

eci; 


} imal 
ative and op, bers smaller than one (decim? 
mal R and first digit. more than the number of zeros between 
xamples ; aract SN 
[2 ^ 
Tistic of 530800 is 
5308 is 
53°38 is 
5:308 is 1 
5308 is — 
105308 15 
The nepat: 0005308 is 
tte., and ig read ne bar Ге is ыхы 2/ 
How to : bar 2 usually written as 1, 2, 4% ” 
mantissa gor find the » etc, 
Spends On the digi Чава of a value of 
| Sand their Ober ле... The opendent 
» and is 
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of the position of the decimal point. As long as the digits and their 
order is the same the mantissa is the same, whatever be the position 
of the decimal point. 

The logarithm tables give the mantissa only. They are usually 
meant for number containing four digits, and if a number consists of 
more than four digits, it is rounded off to four digits 632562 should 
be taken as 6326 and 632537 as 6325. To find mantissa tables are 
consulted in the following manner : 

1. The first two significant figures of the number are found 
at the extreme left vertical column of the table wherein the number 
lying between 10 and 99.are given. The mantissa of the digits which 
are less than 10 can be determined by multiplying the figures. by 10, 
i.e., the mantissae of 2, 20, 200 and so on, is the same. 


2. Along the horizontal line in the topmost column the figures 
[0111213151617] 819110 | are given. They correspond to 
the third significant figure of the given number. 

3. The difference for the fourth. significant digit is given 
further in difference column under | 12314561789 |. From 10 
to 19 double differences are given. If the third figure is from 
four the upper line should be read and for the figures from 56 $ 
lower line. T 

Example 1. Find the logarithm of 3686. 

The number ‘has 3 digits to the left of the decimal point. 
Hence its characteristic is 2. 

To find the mantissa ignore the decimal point and look for 36 
in the first vertical column and 8 in the central topmost column. 
Proceed from 36 along a horizontal line towards the right and from 
8 vertically downwards. The two lines meet ata point where the 
number 5658 is written. This is the mantissa of 368. Proceed 
further along the horizontal line and look vertically below, the figure 
6 in the differences column. You. will find the figure 7 there. Hence 
the mantissa of 3686 is 5658--7—'5665. 

.*. The logarithm of 398°5 is 2°5665. 

Example 2. Find the logarithm of 368600. 

The characteristic of this number. is 5 and the mantissa is the 
same as in Example 1. 

2. Logarithm of 368600 is 55665. 

Example 3. Find the logarithm of ‘00368633. 


The characteristic of this number is 3 as there are two zero; 
following the decimal point. We can find the- mantissa. of only " 
significant digits. Hence we neglect tlie last 2 digits (33) and find the 
mantissa of 3686 which is “5665. 

2. Eogarithm: of 0036833 is 3°5665. 
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When the last figure of a number consisting of more than 4 
significant digits is equal to or more than 5 the digit next to it is 
' raised by one and so on till we have only 4 significant digit and if 

the last digit is less than 5 it is neglected as in the last example. 

Ymp. If we have the number 368658, the last digit is 8, there- 
fore, we shall raise the next digit to 6 and since 6 is again more 
than 5, we shall raise the next digit to 7 and find the logarithm of 
3687. 


Antilogarithm. The number whose logarithm is x is called 
the antilogarithm of x, and is denoted by antilog x. 


Thus since log 2—'3010, antilog :3010—2. 
Example 1. Find the number whose logarithm is 16078. 


; (i) _ The characteristic=1. This is one less than the number 
of digits in the integral part of the required number, hence the 


miser of digits in the integral part of the required number is 
1+1=2. 


(ii) Removing the integral part 1 from the given logarithm 
we get ‘6078. The first two digits from the left are 60, the third digit 
is 7 and the fourth is 8. 


(iii) In the table of the antilogarithms, look in the first verti- 
cal column for *60. In this horizontal row under the column headed 
by 7, we find the number 4046 at the intersection. 


(iv) In the continuation of this horizontal row and under the 
mean differences column on the right headed by 8, we find the 
number 7 at the intersection. Adding 7 to 4046, we get 4053. 


(») Antilog 1:6078—2-1-:4053—2:4053. 
Example 2. Find the antilogarithm of 2:06078. 


As the characteristic is 2, there should be one Zero on the right 
of decimal in the number. Hence antilog 26078 —:04053. 


Laws of Logarithms, From the laws of indices we obtain the 
following laws of logarithms 


1. log, mn-—logs m+ loga n 
2. log, mjn=loga m—log, n 
- loga m™=y log, m 


Two Important Special Cases 


i) 1 = ? 
(i) oe is 0 [The logarithm of | to any base is zero] as 


Gi) log, gu А 
[ ا‎ 1 [The logarithms of the base to itself is 1] as 


Example E 7 , 
Ст?. Determine its те of а cylinder of length 347 cm is 1°932 


C ххх ) 


Volume (V)=nr2/ 
ү 


r= — 


zl 
p E = 1:932 
xi 3:142X 3:47 
log r=} (log 1:932—1og 3:142—1og 3°47) 

—3(02860—0:4972—0:5403) 

=—}х °7515=—°3758=1'°6242 
(Note. The mantissa should always be in positive even though 

the logarithm comes out in negative. ] 
Taking antilogarithm of 1:6242 
We get r—'4209 cm 
Basic S.I. Units 


1. Length—metre (m) 2. Mass—kilogram (kg) 3. Time— 
Second (s) 4. Temperature—kelvin (K) 5. Amount of Substance— 
mole (mol) 6. Intensity of illumination—candela (cd) 7. Current— 
ampere (A). 

Derived Units 


l. Energy—joule (J) 2. Force—newton (N) 3. Area—square 
metre (m?) 4. Volume—cubic metre (m3) 5. Density —kg/m* 
6. Velocity—metre per second (m/s). 7. Acceleration—metre per sec 
per sec (m/s). 8. Frequency—hertz (Hz). 9 Resistance—ohm (Q). 
10. Pressure—newton per square metre (N/m?) 11. Potential 
difference— volt (V). 
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Experiment 1 : 
(a) To find the least count of a vernier callipers. 


(b) To find the internal and external diameters and depth of u 
cylindrical body (say a calorimeter) with the help of a vernier 
callipers. 


(c) To calculate the internal volume of a cylindrical body (say 
a calorimeter) and confirm the same using a graduated cylinder. 


Apparatus : 


Vernier callipers, calorimeter and a graduated cylinder. 


gl inch 
14 12) 13, 14 15 em 


Fig. l.l. Vernier callipers 
Theory : 


A very ingenious device for cbtaining accuracy of a greater 
order than that obtainable by eye estimation was invented by P. 
Vernier (1580—1637) and is known by his name i e., VERNIER. In 
this device a small auxiliary scale is provided, which slides along 
the ordinary scale, the divisions of this Vernier ‘Scale being either 
a little longer or a little shorter than the divisions of the ordinary 
scale. 1 


The great value of this device lies in its simplicity and in the 
fact that it can be used to measure to any fraction of a division 
required, if the auxiliary scale is divided suitably. 


Theauxiliary scale is graduated from a division which may 
be called the zero of the Vernier, this division being indicated by 
some distinguishing mark. The scale consists of л equal divisions on 
one side of the Vernier zero. These п Vernier divisions are exactly. 
equal to (n— 1) scale divisions. Consequently one Vernier division: 


1—1 


is equal to or ( 1-1) of a scale division. Thus, each 


Vernier division is shorter than a scale division by — of a scale 
n 


division. This quantity Lof a scale division is called the least 


count (or Vernier Constant) of the Vernier. 

An instrument called the Vernier Callipers is used for 
measuring the linear dimensions of bodies. It consists of a metal 
rule furnished with two jaws, A and B (Fig. 1.1.) projecting at right 
angles to the rule. Of these A is fixed whilst the other B can slide 
backwards and forwards. The upper jaws C and D are used to 
measure the internal dimensions of the hollow objects. On the rule 
is engraved a scale divided into millimetres The sliding jaw B is also 
provided witha short scale V called a Vernier. The sliding strip or rod 
R is used to measure the depths of certain objects. It is connected 
to the Vernier scale and slides with vernier along the main scale. 


Now the volume of a cylinder 


d? 
SR ISE "i 
where r— radius of the cylinder 
I—length or height of the cylinder 
and d= diameter of the cylinder. 


Since a given calorimeter possesses a hollow cylindrical shape, 
so it will have two diameters external and internal and hence two 
radii. 

If Vz is the external volume »f the calorimeter, then 


ndi? 
Ve= a wh 
where d,=external diameter of the calorimeter 
and /,=external length of the calorimeter. 


IFFY; is the internal Volume of the calorimeter, d; is the inter- 


nal diameter of. the i turi " 
eter Ghat calorimeter and ‘h’ is the depth of the calori 


= 


4,2 
E oh 


Procedure : — 


(ii) Find the zero error by bringing the jaws A and B of the 
vernier callipers closely in contact. If there is no zero error this 
fact should be recorded. 


The Zero Error : 


In some instruments when the movable jaw B is brought in 
contact with the fixed jaw A, the zero of the vernier scale may not 
coincide with the zero of tue main scale. In this case, the instru- 
ment is said to possess zero error which may be positive or negative 
according as the zero of the vernier scale lies to the right or left to 
the zero of the main scale and a correction has to be applied to the 
observed reading in order to determine the correct value. 


To find the zero error, suppose the zero of the vernier scale 
lies to the right of the zero of the main scale, and nth vernier 
division coincides with any main scale division. The error is 
obtained by multiplying with the vernier constant and a positive 
sign is put before it as the length measured by the instrument is 
more than the actual length. 


Ifthe vernier zero lies to the left of the main scale zero, the 
coinciding vernier division is to be seen from the other end of the 
vernier scale and its number multiplied by the vernier constant 
gives the required zero error with a negative sign placed before it 
as the length measured by the instrument is less than the actual 
length. 


The zero erroris always algebraically subtracted from the 
observed reading. Sometimes it is preferred to know the zero 
correction of the instrument. It has a sign opposite to that of the 
zero error but is equal in magnitude and is always algebraically 
added to the observed value to obtain a correct onc. 


(iii) To measure external diameter of the calorimeter, place 
it diameterwise between the two jaws A and B of the vernier callipers 
in such а way that it is just held between the. jaws without undue 
pressure. Note the main scale reading which is just before the zero 
of the vernier scale and also find the number of the vernier division 
which is in line with a main scale division. Multiply this | vernier 
division by the least count or vernier constant and add it to the 
main scale reading to get the observed external diameter ofthe 
calorimeter. The corrected external diameter is calculated by 
applying zero correction. 

Repeat the observations at least three times at three different 
places in two perpendicular directions. The mean corrected external 
diameter (d) is found. 

(iv) To measure internal diameter of the calorimeter, make 
изе о the upper jaws C and D of the vernier callipers. Insert the 
upper jaws in the calorimeter and adjust the position of the movable 
jaw D in such a way that С and D touch the inner walls of the 
calorimeter gently without exerting undue pressure on them. Note 


4 


the rcading of the vernier callipers in the same manner as explained 
in (iii) above and then find the corrected internal diameter after 
applying zero correction. 

Repeat the observations at least ‘three times at three different 
places in two perpendicular directions. The mean corrected internal 
diameter (d) is found. 

(v) To measure depth of the calorimeter, the sliding strip R 
of the vernier callipers (Fig. 1.1) is used. 

Put the edge of the main scale of the vernier callipers on the 
mouth of the calorimeter (the callipers being held vertically), in 
such a way that the strip R is able to go inside the calorimeter 
along its length.: Move the sliding jaw so that the strip R touches 
the bottom of the calorimeter gently. à 

Read the vernier callipers in the same manner as explained in 
(iii) above which gives the observed depth of the calorimeter. The 
correctéd depth is calculated by applying zero correction. 

Repeat the observations at lcast three times and then find the 
mean corrected depth (Л) of the calorimeter. 

(vi) Calculate the internal volume V« by using the formula 

3 
Ve my pcm. 
4 
(vii) Verify the internal volume thus calculated with the help 
of a graduated cylinder i.e., fill the calorimeter upto the brim with 
water and then pour this water into the graduated glass cylinder 
and note the volume of water directly in cm’. 


Observations : 
Leas: Count or Verrier Constant (V.C.) 
n V.D.=(n—1) M.S.D. 
where V.D.— Vernier scale division 
and M.S.D.— Main scale division 


| V.D.= s M.S.D. 


Difference [M.S.D.—V.D.] 


Ире Т 2] 
n 


But 1 M.S.D.—x mm 
Vernier Constant (V.C.) 


1 
=— Xx 
= mm 


x 
EO 9m 


For example : 
10 V.D.=9 M.S.D. 


M 
1 V.D.— 16 M.S.D. 
Difference [M.S.D.— V.D.] 


= M.S.D 
But 1 M.S.D.=1 mm 
Vernier Constant (V.C.) 
= х1 mm 
=0] mm-—'01 cm) 
Zero Error : 
(1) .........cm 12). 5. ИНВ, ст 
Mean Zero Error = eed 
Mean Zero Correction= +.........cm 


Externai Diameter of the Calorimeter : 


One direction Mutually 
perpendicular direction 
Mean 
observed 
S. No.l Main No. of | Observed | Main No.of | Observed |diameter 
scale vernier | diameter | scale V.D. diameter | in cm 
reading division | in cm= | reading | coincident| in cm= 
in cm | coincident| (а)+п in cm (n) (а)+п 
(a) (n) x V.C. (a) xV.C. 


Mean —A-|.....cm 
I 
Hence mean corrected 
external diameter —d,— A + (zero correction) 


Internal Diameter of the Calorimeter : 


S. No. 


On edirection 


Mutually 


Perpendicular direction 


Main No. of | Observed Main No. of | Observed 

scale vernier | diameter| scale V.D. diameter 
reading | division in cm= | reading |coincident | in cm— 
in cm  |coincident | (a)+n in cm (п) (а)+п 
(а) (л) x V.C. (a) xV.C. 


Hence mean corrected 


internal diameter = d, — В 4- (zero correction! 


Main scale 
reading in cm 


(a) 


(л) 


Непсе теап Corrected 


depth of the calorimeter 


=пху,С. 


No. of V.D. | Vernier scale |Observed depth 
coincident reading in cm | in cm=(a) 


+nx V.C. 


Mean 
observed 
iameter 
in em 


Mean 
observed 
depth in 
cm 


Un — (Mean observed depth!— (zero correction) 


Calculations : 
Internal Volume of the Calorimeter 
n eda 
Vie = ...ج‎ 
4 h cm 


Verification by Graduated Cylinder : 
Volume of water filling the calorimeter upto the brim 


Ба cm? 
Eie dances m? 
Result : 
(i) Least count of the vernier callipers Б сс) 


(ii) External diameter of the calorimeter 
(iii) Internal diameter of the calorimeter 
(iv) Depth of the given calorimeter 

(у) Internal volume of the given calorimeter =... cm? 


Precautions : 
(i) The zero error should be noted carefully with sign and 
taken into account. 

(ii) The jaws should not be pressed too hard. 

(iii) The dimension to be measured (length, diameter or depth) 
should be parallel to the main scale. 

(iv) The calorimeter should be held between those positions of 
the jaws which are in contac! when. the callipers is.closed without 
placing the calorimeter between them. 

(v) The calorimeter between the jaws should not be held either 
too tight or too loose. 

(vi) Oil the vernier if its motion is not smooth. 

(vii) While measuring the depth, the strip should be perpendi- 
cular to the bottom surface. 

(viii) While measuring the depth, the edge of the main scale 
should not get out of contact from the mouth of the calorimeter 
when the end of the sliding rod R touches the bottom. 

(ix! Zero error for the measurement of depth is different from 


the usual zero error of a vernier callipers. So it should be deter- 
mined separately and carefully as explained below : 


[When the two jaws A and B are made to touch each other 
the end of the sliding strip R and the edges of the main scale get in 
line with cach other in a perfect instrument. In a defective 
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instrument, the end of the strip R may not be exactly in line with 
the edge of the main scale when the instrument reads zero. In such 
a Case, it is said to possess zero error which is relevant only for depth 
measurement. The reading when the end of the sliding strip R lies 
exactly in line with edge of the main scale, equals the magnitude of 
this zero error.] 
Sources of Error : 

1. Vernier jaws may not be at right angles to the main scaic 
or parallel to each other 
None of the vernier divisions may be exactly coincident. 
The vernier scale may be loose. 
The graduations cn the scales may not be evenly markea. 

Exercises 

(1) To find (a) the diameter (b) the surface area, and (c) th 
volume of a sphere using vernier callipers. 

Hint: Measure the diameter of the sphere at four different 
places as in Expt. 1 and calculate its surface area and volume. 

Surface area of sphere— 4тг? 
Volume of sphere == фр 

(2) To determine the internal and external diameter of a calori- 
meter and to calculate the thickness af its wall. Also find the depth 
of the calorimeter with the help of vernier callipirs. 

Hint : Measure the external diameter by using the jaws A and 
B and internal diameter by using the jaws C and D. Difference of 
the two gives fwice the thickness of the calorimeter wall. 

(3) Tv. determine the lei gih and diameter ofa given cylinder by 
vernier call: pers and hence calculate its volume. 


ORAL QUESTIONS 


Ф.І. What is a vernter callipers ? Wiy is it called a vernier 
callipers ? 


Ans. It is ап instrument used to measure small lengths and 


diameters accuratelv. It is called vernier callipers after the name of 
its inventor “Pierre Vernier”. 


Q 2 What is Least Count ? 


4 Ans. It is the least distance that can be measured by the 
Instrument. 


S 


Q.3. Define vernier constant. 


Ans. It is the differc ivisi mai 
Ur nce between the smallest division of main 
Seale and that pf vernier scale. 


Q. 4. What Part oj ine in 
Ans. The small scale th 


strument is the vernier seale ? 


Vertiier scale. 2t slides along the main scale is called 
О S. What is the Аро б 
Leas! Count ? difference. between: Vernier Constant. and 


Ans. Practically no difference. Vernier constant is the Least 
count but is used only for vernier callipers whereas least count is 
used for all the instruments. 

Q. 6. What is zero error ? 

Ans. The instrument is said to have zero error, if the zero of 
the.main scale does not coincide with the zero of the vernier scale 
when the two jaws of the vernier callipers are brought into contact. 

Q.7. When is the zero error positive? When is the zero error 
negative ? . 

Ans. If the zero of the vernier scale is towards the right of 
the main scale, the error is said to be positive (Fig. 1.2). If the zero 
of the vernier scale is towards the left to the main scale, the error 
is said to be negative (Fig. 1.3). 


Fig. 1.2. Positive error 


Fig. 1.3. Negative error 

Q.8. What is zero correction ? 

Ans. Itisequal in magnitude but opposite in sign to zero 
error. 

Q.9. Why does zero error creep in? 

Ans. It creeps in because of wear and tear due to the long 
use of the instrument. 

Q.10. What is ‘angular vernier’ ? 

Ans. Angular vernier is used to measure fractions of a degree 
These are provided in spectrometers and sextants. 2 

.11. Which will be more accurate—a calliper of small V.C. 

or that of large V.C.? В 

Ans. А calliper of small У.С. 

Ф. 12. What is the function of the upper jaws of the vernier 
callipers ? 

Ars. To measure the internal dimensions of the hollow 
objects. 

Q. 13. What is the function of the sliding strip or rod ? 

Ans. To measure the depths of certain objects. 
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Experiment 2 : 

To find the volume of the given metal.ic rectangular block by 
measuring its dimensions with a vernier callipers and check up the 
result by using a graduated cylinder. 

Apparatus : 

Metallic block ; vernier callipers ; graduated cylinder. 
Procedure : 

Measure the length, breadth and thickness of a given metallic 
‘rectangular block using a vernier callipers as explained in Experi- 
ment 1. Measure the length, breadth, and thickness of the block 
about 4 to 8 times in various positions of the block. 

Tabulate your result as shown below : 


Observations : 


Value of the smallest main scale division ............ mm 
Size of a vernier scale division „К mm 
Least count of the vernier 7} 
Or PB ize caskets mm 
Vernier constant (V.C.) of the vernier J 
Zero error of the vernier — (1) mm (2) эге mm 


Mean zero error 
Mean zero correction 


Length of the block : 


Main scale No. of | Length of the block in тт | Mean corrected 


reading in | vernier divi- { length of the 
mm (a) sion coinci- block (I) in mm 
dent (n) Observed= | Corrected 


(a)+nxV.C.| =Observed 

-E Mean 
Zero 

correction 


Breadth of the block : 


Main scale 
reading in 
mm (a) 


S.N. 


dent (n) 


Thickness of the block : 


No. of  |Breadth of the block in тт 
Vernier divi- 
sion coinci- 
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Mean corrected 
breadth of the 
block (b) in mm 


Observed= | Corrected 
(a)+nxV.C.| =Observed 
+Mean 
Zero 
correction 


Main scale No. of Thickness of the block Mean corrected 
S.N. | reading in Vernier in mm thickness of the 
mm (a) division block (t) in mm 
coincident 
(n) Observed= | Corrected 
(а)+пх И.С.) =Observed 
+ Mean 
Zero 
correction 
i [ 
2; 
3, 
8. 
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Calculations : 
Volume of the given metallic block 


= Mean corrected iength x Mean corrected 
breadth x Mean corrected thickness 


—IXbxt 
SESS IRS ............ cm? 
Verification by graduaied cylinder : 
Volume of water in the graduated cylinder 
before immersing the block in water in 


the cylinder SAR ies: cm? 
Volume of water in the graduated cylinder 

after immersing the block in water in the 

cylinder SBA. cm? 
.'. Volume of the given metallic block —B-—A........cm? 


Precautions ard Sources of Error : 
Same as in Expt. 1. 


ORAL QUESTIONS 
Same as in Fxpt. 1. 


Experiment 3 : 
(a) To find the least count of a screw gauge. 
(b) To measure the diameter of a given wire by using screw 
gauge and compare it by wrapping the same wire around 
a pencil and-explain the difference. 
tc) To find the volume of the given wire by using screw 
gauge. 
td) To find thc gauge of the wire using standard tabic 
(e) To find the thickness ofa given glass strip using screw 
gauge. 
Apparatus : 
A screw gauge ; a wire and a gias» strip. 


CIRCULAR SCALE 
= 


MAIN SCALE 


SCREW HEAD 


Fig. 3.1. Screw Gauge 


Procedure : 


(i) Determine the least count of the instrument. In order to 
do that bring the zero mark of the circular sca!e into coincidence 
with the reference line. Note the reading on the main scale. Give 
some complete rotations say four or five to the circular scale and 
note the reading on the main scule again. Difference of the two 
readings gives the distance moved by the screw. Calculate the pitch 
by the relation. 

... distance moved by the screw 
pitch = ——— —— 
number of rotations 


Note the total number of divisions on the circular scale, then 


pitch, 
total number of divisions on the circular scale 


least count — 


(ii) Find the zero correction i.e., screw up until the gap between 
А and B is just closed and the ratchet arrangement gives a click. If 
the zero division of the circular scale coincides with the reference 
line, write the zero error as nil ; otherwise reference line may be 'x^ 
divisions towards positive side of circular scale, then 
zero error 4-x X L.C, 
and zero correction —x X L.C. 


And if the reference line may be ‘x’ divisions towards negative 
side of zero of the circular scale then 


zero error = —x X L.C. 
and zero correction = x X L.C. 


(iii) Diameter of the Wire. Їп order to find the diameter of a 
given wire, place it in the gap between A and B. Turn the screw 
head until the ratchet arrangement gives a click. Note down the 
reading on the main scale. Read the division ofthe circular scale 
coinciding with the reference line. Multiply it by the least count and 
add it to the number of complete divisions visible on the main scale, 
i e., the reading on the main scale. 

Turn the wire through a right angle and note the reading again 
at the same point. 

Repeat the observations at least five times, take the mean and 
correct the reading by applying zero correction. 

(iv) Remove the kinks inthe wire if there is any. Wrap about 
40 turns of this wire on a pencil so as to form a coil having its 
turns very close to each other as shown in Fig. 32. Measure the 
length (r) of the coil with the help of mm scale. 


Count the number of turns (л) wrapped as well. Then diameter 


z t 
of the given wire by wrapping— ==: 


(v) Consult the standard table of (S.W.G ) for finding the 
gauge of the wire corresponding to its calculated diameter. 


(See Appendix Table) 


Fig. 3.2 


(vi) Measurement of Thickness. Place the glass strip in the 
gap between A and B. Turn the screw head until the ratchet 
árrangement gives a click. Note down the reading on the main 
scale. Read the division of the circular scale coinciding with the 
reference line. Multiply it by the least count and add it to the main 
scale reading. 


,,Repeatitthree times by placing the glass strip in different 
Positions. 


Observations and Calculations : 
No. of rotations given to the screw=......... 
Distance moved on the main scale=.........mm 


Pitch— distance moved on the’ ale 
number of rotations 


Total number of divisions on the circular scale— ........ 


Least count (L С) - Pitch 

no. of divisions on the circular scale 
Zero error EXE 
Zero correction = SEXIES 


— 
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Diameter of the Wire : 


Si One direction Mutually perpendicular 
No. direction 


Mean obser- 


à [3B ^ 
5 کاچ‎ kU las $$ |g L S| ved diameter 
E: JR ES 
SS] ЕЕ БЛ sass | SES Fob ( 425 
3 X SLS j |=| 21768 
See) окы ЕЕЗ $i 2 
EG SSRs 5+ چچ‎ ВЕЧЕ БЕК їп тт 
Ss SESS sles 
Sf | S8°s2° Fs | SSE 


The gauge of the wire from a standard table=............ 


Diameter of the wire by wrapping : 
Number of turns- 
Length of the coil ==г=............ ст 


! А t 
Diameter of the Wire =...........ф cm 


Volume of the wire : 


D 


; d 
Mean corrected radius = r= E ст 


Length of the wire — —1—.......cm 
Volume of the wire =V=nr't=......... cm? 
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Thickness of the Glass Strip : 


Main Scale No. of circular Observed thickness 
S. No. reading (a) division coinciding t=a+mx L С. 
in mm (m) (mm) 


Mean observed thickness ‘r’ =: 
Mean corrected thickness ‘P= .. 


Result : 
ıi) Diameter of the wire by screw gauge- .........cii 
(i! Diameter of the wire by wrapping method 
(iii) Volume of the wire—......... cm? 
(iv) Gauge of the wire ......... cm 
(v) Thickness of the glass strips: ......... cm 
Precautions : 


1. .Undue pressure should not be applied to bring the two 
studs in contact. For this, the screw should always be turned by 
the ratchet cap. 

2. The screw should move freely without any friction. 

3. The zero error, if any, should be noted with proper sign 
and taken into consideration. 

4. The screw should always be moved in the same direction 
to avoid back-lash error. 


5. Readings should be taken at different places along the 
length of the wi 


Te, taking two readings at right angles to each other 
at the same place. 


Sources of Error : 


The turns of the coil f F i i 
; il formed of the wir: may not be in close 
contact with each other. меур 


Ехегсіѕеѕ 


55 of a small coin. 


€ of a rectan 
w gauge ? 


Length x Breadth x Thickness, 


Q.1. Find the thickne. 


Q.2. Find the volup 
vernier callipers and " ДОШ 


gular glass plate using a 
Hint. Volume— 


ORAL QUESTIONS 


Q.1. What do you mean by screw gauge ? 

Ans. It is an instrument used to 
accurately such 2 ЕЕЕ of ded Mine ар Ао! pets 

Q. 2. Why screw gauge is called Micrometer ? 

Ans Because it can measure distance of the order of. one 
millionth part of a metre, i.e., 107° m ie. the least count of the 
screw is of the order of a micrometer. 

Q.3. Why it is called a screw gauge 1 

Ans. Because it is based on the principle of a screw and 
measures, i.e., gauges diameter of the wire. 

Q.4. What is the principle of a screw gauge ? 

Ans. Its principle is that linear motion is directly propor- 
tional to the rotation given to the head. 

Q.5. What do you mean by pitch of the screw ? 

Ans. It is the linear distance moved when its head is given 
one complete rotation 

Q.6. How is the least count of the screw determined ? 

Ans. It is determined by dividing the pitch of the screw by 
number of divisions on the circular scale. 

Q.7. Is pitch related with least count D 


Ans. Yes; 
Pitch 


L.C.— —— z - 
no. of divisions on the circular scale 


Q.8. What is zero-error ? How do you find its sign? 

Ans. When the screw is in contact with plane stud and the 
zero of the circular scale does not coincide with the zero of the 
main scale, the instrument is said to have zero-error. 

. When the screw is in contact with the plane stud opposite 
to it and if the zero of the circular scale is below the reference 
line, the error is said to be positive (Fig. 3.3). Ifthe zero of the 
circular scale is above the reference line, the error is said to be 


negative (Fig. 3.4). 


10 0 
R 
0 R 
Sa) 
Fig. 3.3. Positive error Fig. 3.4. Negative error 


Ф. 9. What is гего-соггесііоп ? How is it related with zero- 


error ? 
Ans. Zero-correction is numerically equal to zero-error with 


opposite sign. 


Q.10. What is back-lash error ? How is it avoided ? 

Ans. This error is-associated with all instruments working 
onscrew nut principle. The error is developed due to wear and 
tear of the screw with use. Due to looseness between the Screw and 

. the nut, thc screw does not move backward or forward for a little 
motion of the nut (or cap) in the opposite direction. Such an error 
is called back-lash error. 

It can be avoided by turning the screw in one and the same 
direction while taking all observations. 

Ф. 11. What is the advantage of taking two observations 
mutually perpendicular to each other at each point while measuring 
the diameter of wire ? 

Ams. To take into account any deviation in the cross-section 
of the wire from its perfectly circular shape. 

Q. 12. Which is more accurate a vernier callipers or a screw 
gauge and why ? 

Ans. Screw gauge. i 

With the help of vernier callipers we can measure accurately 
upto 0'] mm while with ascrew gauge we can. measure lengths 
with greater accuracy up'o xbsth of a mm. 

Q 13. Are the vulues of diameter of a wire obtained by screw 
gauge and by wrapping method the same ? 

Ans. Мо ; they are different. 

Q. 14. Which method gives more accurate value and why ? 

Ans. Screw gauge method. The accuracy of. measurement 
‘by an instrument depends upon the least count of the instrument. 
Since the least count of screw gauge is yécth that of a metre scale 
used in wrapping method, so the value of the diameter-obtained by 
Screw gauge is far more accurate: 


Experiment 4: 
To determine the inertial mess of a body. 


Apparatus : 

A G-clamp stand, two hacksaw blades or two Steel strips ; set 
of known masses (2 weight box) ; a given body ; a platform ; a stop 
watch and plasticine. 


Theory : 


Mass is a basic property of matter i 

} 1 апа is a measure of the 
uantity of m Ti ` i 
um zd of п atter in the body. The S.I. unit of mass is the 


Newton's first law of motion 1 i 
eads us to the concept of inertia, 
а De. everybody. Newton's second law of moon proceeds 
амер PEDE and provides us with a quantitative measure of inertia 
amely s. ass as defined by Newton's second law relates the 


HACKSAW BLADE 
OR 
STEEL STRIP 


G-CLAMP 


PLATFORM 


STEEL STRIP 
OR 
ABLE HACKSAW BLADE 


Fig. 4.1. Inertia Balance. 


Fig, 42. Inertial Balance in Horizontal Motion. 
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Fig. 43. 
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e 

net force applied to an object to the resulting acceleration. 1f F is 
> 

the net force applied on a body anda is the acceleration produced 

in it, then, according to Newton’s second law of motion, the mass 

of the body is given by 


The greater the mass of an object, the greater its resistance to 
a change in motion—the greater its inertia and in terms of the 
second law of motion, we see that the greater the mass of an object 
for a given applied. force, the smaller the change in motion—the 
smaller its acceleration. Mass, then is a measure of inertia and is 
related to the quantity of matter in a body. We call such a mass as 
inertial mass. All bodies are made up of atoms, The.inertial 
mass of a body is the sum of all the atoms put together in that 
body. Inertial mass is given by the ratio of the resultant force 
applied upon a body to the acceleration produced in it along a 
smooth horizontal surface. 
+ 
If the same external force Е acting on two bodies produces 
— > * 
in them acceleration a, and a, then 


> > =% 
F=m, a1—ms аз 
"where m; and т, refer to the inertial mass of the bodies. 


where T; and T, are their respective vibration times. 


If one of the bodies is taken as a standard, the above equation 
can be used to find the inertial mass of the other body. 


z The mass of a body should not be confused with weight which 

is the gravitational force of attraction on the body at a certain place. 

and it differs from place to place. The process of measurement of 

mass D caned eee орев the weight of а body differs 
ace, the mas - i i 

oU cs oo ыш S of-a body remains constant irrespec- 

Procedure : 


1. Fix the two hacksaw blades or 


Fig. 4.1. The ‘hacksaw blades (or Sais сш ао 


ilar metal strips) should be 


Date 
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clamped tightly between the small metal plates using a G-clamp Tì 
is very importert to have tle blades held tightly and symmet: cally 
Just where the blades emerge from the jaws as otherwise energy ix lost 
too fast and the oscillatiors are badly damped. The whole set up is 
clumped to the edge of the tcble as shown in Fig. 4.1. Аі the free 
ends of the blades attach a small platform or a pan made of card 
board or wood. It is to be used for holding the body or.a known 
mass. 


2. Push the platform or the pan to one side with a finger and 
release it so that the platform starts oscillating in a horizontal plane 
Fig. 4.2. Since the blades vibrate horizontally the action of the 
inertia balance is entirely independent of gravity, which acts verti- 
cally. Make sure that the blade oscillates for about 10 oscillations 
with.almost the same amplitude. This is necessary for a satisfactory 
experiment. 


Note: The period of vibration can be increased by reducing 
the length of the blades protruding from the jaws. 


3. Load the platform with a known’ mass of say 10 g. Note 
that the mass of the body loaded on the platform is assumed to be 
inertial mass. Make the platform to oscillate with a suitable 
amplitude so that the mass placed on the platform does not slide when 
it oscillates. For ensuring this, it is better to initially put a thin 
layer of plasticine on the platform. The mass placed on it will 
stick and will not slide. í 


Find out the time (7) taken for 10 oscillations by using а stop- 
watch and calculate the period of one oscillation, called the time 


period (T). 


4. Repeat the activity for at least five known masses by 
loading the platform with each of these in turn. 


5. Plota graph between the total mass (m) of the platform 
and the object placed on it and its vibration time (T). Fig. 4.3 
shows a graphical plot of one such set of observations. The graph 
in Fig. 4.3 is nota straight line. But by careful analysis of the 
data, the rclationship can bc expressed by the following equation : 


m. Té 
т Т: 


in which m, and т, are two masses (including the mass of the 
platform or pan in each case) and T, and T, are their respective 
vibration times. 

6. Place the body of unknown mass (M) on the platform. 
the -platform oscillate horizontally as before. Measure the 
period Т’. Forthis value of I’, find out the total mass m’ fro: 
versus T graph as shown in Fig. 4.3. 
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Observations and Calculations : 
Mass of the platform or the pan=M,=......g 


Known mass Total Time taken (t) Time. period 
S. No.| placed on the | mass (m) | for 10 oscillations ds 1 
platform or the) =(M,+M, in sec = 10 


pan M, ing ing in sec 


For the unknown inertial mass : 


D 


1 
А og pie 
Time, period 70 


Time (t') taken for 10 oscillations 
in sec 


in sec 


. From m versus T graph, the total mass (m’) of the unknown 
object and the platform as read against 


T'—Intercept of the graph on the abscissae 


т=ю....,..... g 
Inertial mass (M) of the body 
= m'—M,) 


Song о 


Result 
Inertial mass of a given body 
see sese g 
Precautions : 


1. The position of the blades of the inertial balance should 
remain horizontal when the platform at its free ends, is loaded with 
known masses. To ensure this, fix the blades tightly «at the clamped 
end otherwise there will be energy losses and the oscillations dre 
badly damped. 

2. Oscillate the blade with a suitable amplitude, so that the 
mass placed on the platform does not slide when it oscillates. For 
ensuring this, it is better to initially put a thin layer of plasticine 
on the Platform. The mass placed on it: will stick and will not 
slide. 


3. Place each body at the centre of the platform so that it- 
does not have a tendency to twist the blade. 


4. Attach the platform at the free ends of the two hacksaw 
blades/strips in such a way that centre of gravity of the body placed 
on it ud as close to the horizontal plane bisecting the blades, as 
possible. 


5. The number of times the inertial balance vibrates in.a 
second of time depends upon the length and stiffness of the two 
supporting metal blades and upon the total mass of the pan and 
any objects placed on it. The more massive the pan and its con- 
tents, the slower will be the changes in their motion and the longer 
will be the time they will take to go through a complete vibration. 


ORAL QUESTIONS 
(Same as in Expt. 5) 
Q.1. What is inertia? 
Ans. By inertia we mean the inertness i.e., built in reluctance 


of matter and hence its ability to change its position of rest or of 
uniform motion in a straight line without the application of an 
external force. 

Q. 2. How is inertia related to the mass of a body? 

Ans. The mass of a body is a measure of its inertia. A 
large mass requires a large force to produce acertain acceleration 
because the greater the mass of the body the greater is its tendency 
to oppose any change in its state of rest (inertia of rest) or of uni- 
form motion (inertia of motion). 

Q 3. Whai is inertial mass ? 

Ans. Mass (т: as defincd by Newton’s second law of motion 
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=> 
relates the net force (F) applied to an object to the resulting accele- 
> 
Tation (a). A 
EXE 


a 


The greater the mass of an object, the greater its resistance to 
a change in.motion—the greater its inertia, We call such a mass 


^ Eo. X M F 
as inertial mass. It is given by к= 


Ф. 4. What is gravitational mass then? 

Ans. The mass of a body which determines the gravitational 
pull due to the earth acting upon it is called its gravitational mass. 

Q.5. Is there any difference between the inertial mass and 
the gravitational mass of a body ? ; 

Ans. Experiments have failed to show any difference. 
Experiments show that these two masses are equal for a given body. 
Experiment 5: 

To find the density of a substance of the given rectangular block 
using а beam balance. 

Apparatus : 

Rectangular iron/wooden block; vernier callipers ; physical 

balance and a weight box. 


Diagram : 


Theory : 


If we take several solid blocks of wood or iron, we find that 
the larger a block is, the larger is its mass. If, however, the mass of 
each block is divided by its volume, the result in each case is the 
same which is characteristic of the substance of which the blocks 
are made. This result is called density. 


__Mass of the body 
Volume of the body 


Density of a substance (р,= 


SEME 
۷ 


The S.I. unit of density is kg m3. 


Procedure : 


1. Measure the length, breadth and thickness of the given 
rectangular block by using the vernier callipers as explained in 
Experiment 2 and hence calculate its volume. 


2. Check the setting of the pliysical balance carefully i.e., its 
pillar is vertical and when raised, its pointer swings equally on both 
sides of zero mark and swings without jerks. 


3. Keep the rectangular block in the left-hand pan, when the 
beam is in the arrested position. Counter poise, carefully by loading/ 
unloading in steps the right-hand pan with known masses from the 
weight box. Use forceps for handling the known masses. . 


4. Calculate the density of the rectangular block using the 
formula 
po mass of the rectangular block 


its volume 
Observations : 
Value of the smallest main scale division ............ mm 
Size of a Vernier scale division X. ree mm 
Vernier constant (V C.) of the vernier — —.. mm 


Zero error of the vernier 
=(1) Шын: Ur mm (2) ten mm (3) «ed mm 
Mean zero еггог==......... mm 


Mean zero correction — 4 ...... mm 
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Length of the block : 


Mean corrected 


Main Scale | No. of Length of the block 


S.No.| Reading Vernier inmm length (1) of the 
in mm Scale block in mm 
(a) coincident Corrected 


(n) Observed= 


(а)+пх V.C. 


= Observed 

+ Меап 
Zero 

correction 


Breadth of the block : 


Main Scale Mean corrected 


Breadth of the block 


No. of 


S.No.) Reading Vernier in mm breadth (b) of the 
in mm Scale block in mm 
(a) coincident 


(л) 


Corrected 
= Observed 
+ Mean 
Zero 
correction 


Observed= 
(a)+nx V.C. 
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Thickness of the block : 


Mean corrected 
thickness (t) of 
the block in mm 


Thickness of the block 
in mm 


Main Scale 
Readnig 
in mm 


(a) 


No. of 
Vernier 
division 
coincident 


S.No. 


(n) Observed— | Corrected 
(а)+пх V.C.| =Observed 
+ Меап 


Zero 
correction 


Mass of the rectangular block by 


physical balance =М=ж=......... g 
eI. kg 
Calculations : 
Volume (V) of the rectangular block 
=1xbxt 


Density of the substance of the given 


mass of the block 


rectangulamblock= Pe eor the block 


Result : 
Density of the substance of the given 


réctangular block=......... kg m^3 
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Precautions ard Sources of error : 


l. As regards vernicr callipers, the Precautions and sources 
of error to be observed are the same as given in Experiment 1. 

2. Make sure that the scale pans of the physical balance are 
clean, dry and dust free as the mass of the dust may be more than its 
sensitivity. 


- Adjust the screws at the base of the physical balance until 
the plumb line hangs vertically over the fixed pointed tip. 


4. Usea forcep to handle the weights. Never leave weights 
lying about. 


5. While weighing always lower the case of the balance box 
to prevent disturbance due to air draughts. 

6. Every balance has a certain capacity i.e., maximum mass 
Which can be Placed on the pans and measured with precision. Do 
not over load it Find its capacity for measuring ‘mass from its 
manufacturer's Specifications. 


ORAL QUESTIONS 
Also read Questions of Expt. 1). 


Q.1 Define mass of a body. “hat is its unit °? 

Ans. The mass of a body is defined as the Quantity of matter 
contained in it. According to Newton's First Law of Motion, the 
mass ofa body may also be defined as the quantity of inertia 
Possessed by the body which makes it to resist any change in its 
State of rest'or motion 

The unit of mass is kilogram in SI system. 

Q. 2. Define density of a body. 

. Ams. The density of a substance is defined as the mass per 
unit volume of that substance. This can be written as 


Mass 
Volume 
Q. 3. What is the unit of density ? 


Ans. The unit of density in SI System is kilogram per cubic 
metre or kg-3. 


Q. 4. Define rs lative density 0f a substance ? 


Ans. Relative densit i eee 
. У of a substance is defined as the ratio of 
density of the Substance to the density of water. 


Q. 5. Whar is the unit of Relative density ? 
Ans. The relative density is a number and hence it has no 


Density — 


unit 


ks Q 6 What happens to the weight of a body when immersed in 
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Ans. When a body is immersed in water, an upward thrust 
acts upon it, Due to this upward thrust, there is a loss in the weight 
of the body. This loss in weight of the body is equal to the weight of 
the water displaced. 

9. 7. How does density vary with temperature ? 

Ans. It decreases with the increase of temperature. 


Q 8. What is the density in SI units of (i) Water, (ii) Mercury 
and (iii) Ice ? 
Ans. (i) 1000 kg/m? at 4°C 
(ii) 13600 kg/m? 
(iii) 930 кетт 
Q. 9. Is relative density different from specific gravity ? 
Ans. No. They are the same terms. 
О. 10. Is the relative density of a body different in different 
systems ? 
Ans. No. lt is the same in all systems. 
Ф. 11. What is the apparent weight of a block of wood floating 


on water ? 
Ans. Zero. 
Ф. 12. Will the buoyancy be the same for a wooden block and 
an iron block of the same size pushed under the surface of water ? 
Ans. Yes ; the same. 


Q. 13. Why can’t we extinguish burning kerosene oil by pour- 
ing water оп it? 4 

Ans. Kerosene oil is lighter than water. When water is 
poured over it, it sinks and, therefore, cannot prevent the air 
(responsible for burning) from coming in contact with the oil. 

.14. A person carries a bucket of water weighing 20 kg in 
his right hand and a fish wcighing 20 kg in the other. Не puts the 
fish in the bucket. How much does his right hand now carry if the 
relative density of the fish is 1? 

Ans. His right hand would carry the same weight 20 kg as 
before. The addition of the fish will not add anything to the weight 
because the weight in. water will be zero, its specific gravity being 
one. 

О. 15. A piece of ice is floating on water in a beaker. When 
it melts completely, will the level of water go up, go down or remain 
the same ? 

Ans. It will remain the same. 

Ф. 16. What isa Physical Balance ? What is its principle ? 

Ans. It is а lever of first order having the effort arm and the 
weight arm equal. It is based on the principle of moments. 
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Q. 17. Why are knife edges made of agate ? 

Ans. Agate isa very hard substance and does not wear out 
easily, hence it is used. 

Q.18. What is the function of Plumb Line ? 

Ans. To make the beam rotate in a vertical plane. 


Ф. 19. Why are there only three levelling screws in the 
balance ? 

Ans. Because any three points can determine a plane, so the 
balance can be set with its beam horizontal. 

Q.20. What are the requisites of a good balance ? 

Ans. A good balance should be true, sensitive and stable. 

Q. 21. What is the difference between mass and weight ? 

Ans. Mass of a body is the quantity of matter contained in 
a body and weight is the pull exerted by the Earth on the body. 

.22. What does the Physical balance measure, weight or 

mass and why 7 Мате the instrument for measuring weight. 

Ans. We measure mass of a body witha Physical Balance as 
the acceleration due to gravity on both the pans, being equal, will 
-cancel out and the readings will be independent of ‘g’. 

Weight is obtained by spring balance. 

.23. What do you understand by the sensitiveness of a 

balance and how is it increased ? 

Ans. A balance is said to be sensitive when its beam is 
turned through an appreciable angle for a small difference of weights 
in the two pans. The conditions of sensitivencss are : 


(i) the arms of the pans must be large. 

(ii) the beam must be light. 
(iii) the distance between the C.G. of the beam and its 

fulcrum, i.e., the central knife edge must be small. 
Q. 24. How stability is opposed to sensitiveness ? 
Ans. A balance is said to be stable if after a small displace- 
ment it comes back to its original position as quickly as possible. 

The necessary conditions for stability are : 

(i) the arms of the beam must be small 

(ii) the beam must be heavy. 
(iii) ie the C.G of the beam and its fulcrum 
Thus sensitive balance cannot be stable and vice versa 

Q. 25. What is the principle of a spring balance ? 

Ans. The extension: produced in the spring is directly pro- 


portional to the applied force provided the force applied i 
large to stretch the spring beyond elastic limits A RAN not w. 
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When the spiral spring is subjected to a tension along the axis 
of a spiral in a spring balance, the movement of the index along the 
scale (indicating the elongation of the spring) being accurately pro- 
portional to the applied force. 

Q.26. Сап a spring balance measure mass ? 

Ans. Though primarily used to measure the weight of a 
body, it сап also measure mass accurately but only at the place of 
graduation. 

Ф. 27. Define sensitiveness of a spring balonce. 

Ans, It is the change in length of the spring of а balance for 
a unit change in the weight hung. 

.28. How can you increase the sensitiveness of a Spring 
balance ? 

Ans. By making the spring of the balance long (as the change 
in length will be large when the original length of the spring is 
large). 

Q. 29. Will a spring balance calibrated in India measure the 
weight of a body accurately in France ? 

Ans. Yes ; it will measure weight accurately. 

Q. 30. What is Archimede's principle ? To what use it has 
been put ? 

, Ans. Archimede's Principle: When a body is wholly or 
partially immersed in a fluid at rest, it experiences ап upward thrust 
which is equal to the weight of the fluid displaced by it. 

It is used to determine the relative densities of solids and 
fluids. 


Experiment 6 


To find the least count of the given stop-clock / watch and use it for 
checking the time period of oscillations of varying amplitude of a simple 
pendulum. ' 


Apparatus : 

Laboratory stand; split cork; fine cotton thread; a pendulum bob; stop- 
watch; card board; pencil : protractor. 

Theory : 

Same as in Expt. 16. 


_ [For angles less than 15°, the error introduced by assuming that sin 00 
is only about 1 percent. Therefore for pendulum vibrations in which the 
amplitude of the motion does not exceed 15?, pendulum motion is a very 
good approximation to S.H.M.] 
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Diagram : 
THREAD 
CORK PIECE 
м! 
4 
+ 
1 
Fig. 6.1. Simple Pendulum. 
Procedure : 


1. Tie one end of the thread to pendulum bob. Pass the other end 
through split cork and clamp it in stand so that the bob hangs a little 
beyond the edge of the table. Let the point of Suspension of pendulum ie., 
where it enters the split cork, be less than 20 cm above the table. 

2. Mark a large protractor on the card board in units of 109." Its centre 
may be at mid-point of the longer side. Right bisector of longer side is 
marked 0°, and angles upto 90? are marked on its left and right sides, Fix 
it on the edge of the table by two drawing pins so that its centre is close to 
the point of suspension of the pendulum, and 0? line coincides with the 
pendulum at rest. 


10°, in a plane parallel to the card board. 
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in order to reduce chances of an error in counting. Stop the watch at the 
count 20, when the pendulum again crosses the vertical line moving 
towards left. Repeat measurement at least thrice and take their mean. 
Compute the time for one oscillation i.e., the time-period (t). 


4. In a similar manner, measure time-period for oscillations with 
amplitude of 5°, 7-5?, 10°, 12:5°, 15°. 

5. Plot a graph between t and A? taking independent variable A? along 
X-axis and t along Y-axis. 


Because change in t may be quite small, the scale for t should not start 
from t = 0. It should start with a value close to the value of t for small 
amplitude and its scale should be highly enlarged. Due to enlarged scale 
for t, the points plotted may not lie on the graph and one or two may be 
rather widely away from it. Draw a straight line as close to all points as 
possible. 


Observations and Calculations : 


Least count of stop-watch/clock= 
Zero error of stop-watch/clock — 


j Amplitude Corrected time for 20 
(A) Oscillations in s 


0 


(T) 
Result : 


(i) Least count of stop-watch/clock=............5 3 


(ii) The graph between t and А? is a straight line. This 
means that the time period of the pendulum remains the same 
although the amplitude goes on varying. In other words the‘time 
period of a simple pendulum is independent of amplitude. 
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Precautions and Sources of Error 
Same as in Expt.16. 


Y 


Fig. 6:2 
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SECTION B 
Experiment 7 : 


To study the rate of flow of water filled in a burette (or a vertical 
cylindrical container) connected to a capillary and to find its half-life. 


Or 
To find the time required to empty a burette full of water to } of its 
volume; + of its volume; 1 of its volume and so on and to draw a graph 
between 


(i) volume of water emptied (V) and time (t). 


(ii) volume of water left and time and to study if at every stage the rate 
of flow is the same. 


(iii) log V and t. What is the difference between these graphs ? 
Explain. 


Apparatus : 


Burette; funnel; clamp stand; graduated jar or breaker; stop-watch; 
capillary tube (20-30 cm long); rubber tube and clin 


Theory : 


The ~‘e flow of liquid is proportional to the hydrostatic pressure of 
water. 
Or D eos P where P = hydrostatic pressure 


and 


"е Rate of flow i.e., the volume of the liquid that 


comes out in one second. 
Since, volume (V) = Ah 
where A =area of cross-section and h is height of water column. 
and P=hpg 
where р = density of the liquid 


and E = acceleration due to gravity. 


AAN tpg 


where ъ= 028 -= decay constant. or dh ¢ Agi 
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Integrating the above equation we get, 


It is the decay constant A which decides the quickness with which the 
rate of flow reduces because in the exponential fall, the rate of flow 
decrease:much faster in the beginning but it reduces considerably as the 
time elapses. 


Decay constant is the reciprocal of the time during which the volume of 
water in the burette becomes + of its original volume. Decay constant 
depends upon the opening of the bore of the stopper. For wider bore A is 
larger and vice versa. For larger values of A the decrease in the rate of 
flow is faster and vice versa. 


Procedure : 


1. Clamp the burette exactly -—BURETTE 


vertical and attach a horizontal 
capillary tube to the bottom of the 
burette by means of rubber tubing 
as shown in Fig. (7.1). Slip the clip 
(or pinch cock) over the rubber 
tubing. 


2. Measure the height (hy) of the 
zero mark from the lower end of 
the Jet. This can be done by 
measuring the vertical height below 


the lowest graduated mark on the 
burette, 


3. Fill the burette upto th 
mark by using a ELT TEN 


4. Divide the hei i 
оо n ne di CAPILLARY TUBE 
lime water takes to empty upto the с 
level keeping ће same flow. 


(Apart from these observations 


Some more observations should be АШ op 
T Вв 
recorded corresponding to greater TUBE R PINCH- 
eights so as to obtain large cock 
number of points for the graph). Fig. 7.1 
1g. а 


5. Plot a graph between 1 i d 
also between ( 0 зоа ОРГО Ser in the burette (4) and time (0) and 


2074 Tes € Out to be exponential curves. 
. Plot a grap! tween log A and 
and calculate A using the EPUM TG 0 between log (kh) and г 


A = 108 ho—logA 
t 


o e-X | which is an exponential relation. 
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Y 

No Decay curve h=hge™! 
2] 
21 
> 
= = SCALE :- 
5 = X-AXIS 1 BIG SQUARE = ........ 
oz 
um Y-AXIS 1 BIG SQUARE 
E zi 
oo 
uo 
2a 
хр шу тсе 
Ох 
>з 

o TIME IN SECONDS (у —> X 
Fig. 72. 


7. Observe the slope at various points in Fig. 7.2. It will be 
found that the slope is different at different places. In fact it will be 


seen that gf /h is constant. 
Observations and Calculations : 


Least count of the stop watch =......sec 
Distance from the lowest mark of the burette to the tip of the 


No.of| Levetof Time in E ho—log h Пов (А, №) 
obs. | water in the | seconds at | log h 5 3 Түз өл 
burette (h) | level h (t) 
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Y Y 
E т 
g £ 
2 
ole t (sec) —> X t (sec) > а 
" а ie. 7-4. between volume 
Fig. 7:3. Fig. 74. (graph bo and time) 


From the graph 


dh Half life 
2 s=constant in sec, 


2. 
eh 

4. 

Result : 

() The graphs between h and г and between (4,—h) i.e., 
volume emptied and t are exponential curves i.e. exponen- 
tial decreasing curve and exponential increasing curve 
respectively. 

(ii) The rate of flow at every stage is different i.e., 

dh 
goes on decreasing exponentially but a is found to be constant. 


(iè Half life—......... sec 
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Precautions : 
1. The burette should be of uniform bore throughout. 
2. The burette must be kept vertical with clamp stand. 
3. The capillary glass tube must be kept horizontal. 
4. Read the lower meniscus of water with a set square. 
5. Water should not remain sticking to the walls of the burette 
when the reading is taken. 
6. Measure the height of the water level accurately from the 
lower end of the jet. 
7. Record zero error of the stop watch. 
8. The position of the stopper should in no case be disturbed 
while the draining of water is going on. 
Sources of Error 
(i) The graduations of the burette may not be accurate. 
(ii) There is always an error in reading the position of water 
level and the stop watch simultaneously. 
(iii) There is always a time lag between starting of the stop- 
watch and opening of the stopper. 


ORAL QUESTIONS 


Q. 1. What is the analogy to this experiment ? 

Ans. Radio-active decay exhibited by Radio.active substances 
and discharging of a capacitor through a resistor. 

Q. 2. What is Radio-active disintegration (or decay) ? 

Ans. Heavy elements like uranium, thorium, polonium, 
radium etc., spontaneously disintegrate giving out a, Ê and y-radi- 
ations. In this way new atoms are formed. This phenomenon is 
called Radio-active decay or disintegration. It is a completely hapha- 
zard or random process. 

Q. 3. How do you measure activity of a substance ? 

Ans. By the number of atoms'disintegrating per second. 

Q. 4. What are Laws of Radio-active Disintegration ? 

Ans. Laws of radio-active disintegration : 

(i) Atoms of every radio-active substance are constantly break- 
ing into fresh radio-active products with the emission of a, B and 

-тау$. 
E (ii) The rate of breaking is not affected by external factors 
(temperature, pressure, chemical combination, etc.) but depends 
entirely on the law of change i.e., the number of atoms breaking per 
second at any instant is proportional to the number present. 


%. 5. Define half-life period ? 
Ans. The half-life period of a radio-active substance is the 
time in which half of the radio-active substance will disintegrate. 
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О. 6. What is an activity and how is it expressed ? 

Ams. The rate of decay of a source i.e., the number of dis- 
integrations per second is called its activity. It is often expressed in 
curies. 

Ф. 7. Define curie. 

Ans. Onecurie isthe activity of a source which on average 
undergoes 3 70 x 1019 disintegrations/sec. 

Q.8. What is the first direct evidence that the phenomenon of 
radio activity gives ? 

Ans. That all atoms are almost certainly made from the same 
building bricks. 

Q. 9. Define rate of flow of a liquid. 

Ans. It is the volume of a liquid that flows across a certain 
area of cross-section of the tube in one second. 

Q.10. Why is the curve between volume emptied and time 
exponential ? 


Ans. Because ise О! is an exponential relation. 
Q.11. How is the pressure at the nozzle ofthe burette or jet 
end of the capillary tube related with the height of water column. 
„Ans. Pressure at the nozzle—P-L-hpg where P is the atmos- 
pheric pressure ; h is the height of water column and p is the density 


of water, ‘g’ is the acceleration due to gravity. As h decreases, 
pressure also decreases with time. 


Q. 12. How are the rate of emptying and the rate of flow of 
water related ? 


Ans. Both are equal. 

Q. 13. Is the rate of flow constant at every instant ? 

Ans. It decreases exponentially with time. 

Q. 14. How will you get the rate of flow of water at any stage 


of flow ? 
Ans. It is obtained by getting the slope 4 of the graph 


between (ho—h) and t at that instant. 
ws e 15. What is the nature of graph between log(hy—h) and 


Sm It is a straight line. 
~ 16. Why should aca illa i 

Д t 

90° be attached to the nozzle of ш table Ve a 


Ans. Th: 
Ик eh of water through the capillary becomes slower. 


te; i е : 
that of the nozzle Bf орана of the capillary is smaller than 


rette. 
Q. 17. How does t 


А z h 5 
different sets of observations % way constant remain the same for 
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Ans. By opening the stopper full in every observation. It is 
because the rate of flow remains smaller due to much small bore of 
the capillary tube. 

Experiment 8. 

To draw the s-t graph and v-t graph of the motion of hand as one 

walks using ticker-timer. 


Apparatus : 
Ticker timer, paper tape, G-clamp, plug key. 
Diagram : 


A C SUPPLY 


LOOSE 
TICKER ROLL OF TAPE 
TAPE TIMER 


eo 


Fig, 8:1. Ticker tape timer 


Theory: Ticker-Tape Timer (Vibrator and ticker-tape) : 

The ticker-tape timer is a device used for measuring time 
intervals of the order of 1/50 or 1/100 of a second. Ticker tape 
timers of different designs are available. The one shown in Fig. (8:1) 
has a vibrating steel strip which strikes a small carbon disc under 
which a paper-tape is pulled. The strip is made to vibrate with the 
help of an electromagnet at a known frequency. When run on 6 volt 
stepdown A.C. supply, its frequency is the same as that of the А.С. 
mains i.e., 50 hertz. 

Another design is based on the electric bell, the gong being 
replaced by a mechanism of carbon disc and moving tape. Its 
frequency depends on mechanical properties of the hammer. 
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Marks (or dots) are obtained on the tape at equal intervals of 
time—each dot marks a complete vibration of the strip. The time 
interval between two dots on the tape can be taken as the unit of time 
for some of the experiments, which you may call a “‘tick’’. 


Note: 


The vibrator makes marks at equal times apart—and not 
necessarily at equal distances along the tape. 


Uniform motion in a straight line is one in which а body covers 
equal distances in equal intervals of time, however small these inter- 
vals may be. A body not acted upon by any external force zz acted 
upon by balanced forces executes uniform motion in a straight line. 


Uniformly accelerated motion in a straight line is that in which 
acceleration is along the direction of motion and velocity changes 
by equal amounts in equal intervals of time, however small these 
intervals may be. A body acted upon by a constant forcein the 
direction of its motion has uniformly accelerated motion. 


Fig. 8.2 


Procedure : 


1. Set up the ticker-timer at the edge of the table with a G- 
дапр. Беа it to its electric power unit through а plug key. 


2. The timer starts buzzin is swi 
g when the current is switched on. 
П-р е free end of the paper tape in your hand and walk several 
рз or 3 metres), with this hand on the hip and finally stop. 
rhe a et iue 9f dots on the paper tape as shown in Fig. 8.2. 
ou aie ee occurred at regular time intervals, but they will 


› then b i i 
apart of dots will be ve Sy edil Vater apart. Finally, the distance 
3. 


4. Choose a distinct d 
: t i i 
(0) and mark every тоште ар ове о MERC ation 


RAE Von it rk conspicuous by another 
from the origin and plot a ЕМ graph distance, s, of these marks 
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5. Also find the average velocity during the intervals OP, PQ, 
QR,......... These average velocities may be taken as the instanta- 
neous velocities at the middle of the corresponding time interval. 
Suppose, for exampie, distance PQ on the tape is 20 cm. There are 
9 dots marked on the tape by the timer between P and Q, i.e., time 
interval of 10 ticks had elapsed. Then average velocity between P 
апа Q is 22—2'0 cm per tick. It is roughly the actual velocity at 
an instant 5 ticks after the dot P was marked, i.e., the instantaneous 
velocity at that time. In this manner compute data of instantaneous 


velocity versus time. 


6. Now plot а у—/ graph. From this graph you can find 
when the velocity was uniform. Also you can find from this graph, 
the regions (time intervals) during which the acceleration was highest 


and lowest. 
Observations and Calculations : 


For s—t graph 


S. No. Time interval in ‘‘ticks" Distance 
(0) з (in ст) 


For V—t graph 


S. No. Time interval in “ticks” Instantaneous velocity (v) 
NP (Q) in “ст per tick” 


8. 


ah T a MM 
Result/Remarks : 


(i) From s—t graph : 
(ii) From v—t graph : 
Precautions : 


1. The tape should remain taut during the experiment even 
if you happen to swing your hand slightly, If you swing your 
hand too widely it is likely that for a short duration, resultant 
motion of your hand is backwards. The tape will get loose during 
backward motion and will, therefore, not nove. If this happens, 
reject this tape, and record a second walk. 


2. The time interval between two dots on the tape can be 
taken as a unit of time which you may call a "tick". Where the 
measured time must be converted into the standard unit, second, the 
time period of the vibrating steel strip of the timer must be 


measured. 
ORAL QUESTIONS 


Q.1. Define motion of a body ? 

Ans. The continuous change of position of a body with res- 
pect to another is called motion. 

Q.2. Is there an ything like absolute motion ? 

Ans. No; all motion is relative. 
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О. 3. What is displacement of a body ? 

Ans. А change of position of a body from one point to 
another is called its displacement. It is described in terms of two 
quantities, a distance and a direction. The displacement of a body 
will change if there is any change in either its Magnitude or direction 
or both. 

Q. 4. Define uniform motion of a body. 

Ans. An object that moves through equal distances in equal 
intervals of time, however small these intervals may be, is said to be 
in uniform motion. 

Q.5. What is non-uniform motion ? 

Ans. Whena body moves over unequal distances in equal 
intervals of time, it possesses non-uniform motion. 

Ф. 6. Distinguish between speed and velocity. 

Ans. Speed is the ratio of the distance travelled by any 
object, irrespective of its direction, to the time it takes to travel that 
distance. 

The velocity of a moving body is the rate of change of position 
of the body ina particular direction. In other words, the velocity 
of a moving body may also be defined as its speed in a particular 
direction. 

Both are measured in ms”. 

Q.7. What is uniform velocity ? 

Ans. If a body not only traverses equal distances in equal 
intervals of time, however small these intervals may be, but also 
continues to move in the same direction, it is said to possess uni- 
form velocity. 

Q.8. Define instantaneous velocity of a body. 

Ans. The instantaneous velocity of a body is the actual value 
of the velocity of the body at any point of its path or’ at any instant 
of time. 

Q.9. Define acceleration of a body. 

Ans. It is the rate of change of velocity of a body. Accelera- 
tion is the ratio of the change in velocity to the time over which this 
change occurs. Its SI unit is ms-?, 

Q. 10. Ifthe distance travelled by a body varies directly as 
the time, what conclusion do you draw about its motion and force ? 

Ans. The speed is constant and the force acting on it is zero. 

Q. 11. Youobserve an object covering distances in direct pro- 
potion to the square of time elapsed. What conclusion might you 
draw about its acceleration? Is it increasing, decreasing, zero or 
constant ? 


Ans. The acceleration in this case is constant. If S is the 
distance covered and /, the time elapsed, then S oc i? 


or S=kt? where k is a constant 
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We also know that S=4a/? where a is a uniform acceleration. 
Г k=}a 
i.e., a is constant. 
Q.. 12. When does a body possess uniformly acceleration motion ? 
_ Аюв. A body is said to move with uniformly accelerated 
motion if its velocity increases gradually i.e., increases by equal 
amounts in equal intervals of time, however small these intervals 
may be e.g., a body falling freely under the action of gravity ; a 
steel ball rolling down an inclined plane etc. 

Q.13. What was Galileo's best known contribution to the 
science of kinematics ? 

Ans. Galileo’s best known contribution to the science of 
kinematics was his discovery that the free fall acceleration is exactly 
the same for any object. Given an absence of air resistance, each 
object will fall to earth with exactly the same acceleration i.e., 9'8 
ms7?. : 

Q.14. State Newton's first law of motion or law of inertia. 

_Ans. According to Newton’s first law of motion, every body 
continues to be in its state of rest or of uniform motion in a straight 
line unless and until it is compelled by some external force to change 
its state of rest or of uniform motion. 


Q. 15. State Newton’s second law of motion. 
Ans. According to Newton’s second law of motion, the rate 
of change of momentum produced in a body is directly proportional 


to the impressed force and takes place in the direction of the force 
applied. 


О. 16. What do these laws give us ? 


Ans. Newton'sfirst law of motion gi iti 
f gives us the definition of 
ue рае» ,Newton's second law of motion gives the measure- 
andai orce i.e., F—ma where F is the force applied on a mass m 

а is the acceleration produced in it. 
A ne Define force and give its SI unit. 
ns. Force is that agency which produces 

or tends to produce, 
destroys or tends to destroy motion in i body. i | 


It is me " 
unit is Aiton CN by the product of mass and acceleration. Its SI 


Q. 18. How is one newton 


relat 
A arate elated to dyne 1 


dynes. 
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Q. 21. Name the two kinds of energy. 

Ans. Energy is of two kinds : 

(i) Potential energy (P.E.) 

(ii) Kinetic energy K.E.) 

О. 22. Define P.E. and mention its SÍ unit. 

Ans. Potential energy is the energy possessed by a body due 
to its position or configuration. P.E. of a body— mgh where m is the 
mass of the body, g is acceleration due to gravity and / is the 
height of the body from its zero level or mean position. 

Its SI unit is joule (J). 


Q.23. Define K.E. of a body and mention its SI unit. 


Ans. Kinetic energy of a body is the energy possessed by it 
due to its motion. 


K.E.=}my* where m is the mass of a body and v is its velocity. 

Its S.I. unit is joule (J). 

О. 24. State law of conservation of energy. 

Ans. According to law of conservation of energy ` 

(a) energy can neither be created nor destroyed ; 

(b) the total amount of energy in this universe is constant ; 
and (c) When a certain amount of energy in one form is expended, 
its exact equivalent amount reappears in one or more of the other 
forms. 

Q.25. What is the ultimate form of energy іп all. the inter- 
changes in the form of energy ? 

Ans. Sooner or later, it assumes the form of hear, which in 
due course becomes. distributed throughout space. It probably be- 
comes unavailable, but is still there, though scattered 

Q. 26. Enumerate two examples of law of conservation of 
energy. 

Ans. (1) A body falling freely under gravity. 

(2) A vibrating pendulum. 

Q. 27. What is dissipation of energy ? 

Aus. The energy which disappears as heat and cannot be 
used again for any useful purpose is said to have been dissipated. 

Q. 28. What is transformation of energy ? 

Ans. It is the change of energy from one form to another. 
For example when a body falls freely under gravity from a certain 
height, its P.E. changes into K.E. when it hits the ground. 


Experiment 9 ; 


To study the changes in velocity of a body pulled b 
force and measure its acceleration. e y a constant 
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Apparatus : 


Ticker-timer, paper tape, a horizontal laboratory table, a 
trolley, a bumper, 3 cm thick strip of wood, three G-clamps, pulley 
fixed on the bumper, hanger, slotted weights (100 g each or 50 g 
each), few bricks, plug key and a spring balance. 


Ad TIMER 


Le i TAPE 
е 


TROLLEY BUMPER 


HORIZONTAL TABLE 


STRING 
G- CLAMP 


HANGER 


Fig. 9.1. 
Theory: Same as in Expt. 8. 
Procedure ; 


1. Fix а ticker-timer at one end of a laborator 

r y table and a 
Pomp P LEE other end with G-clamps. Place the trolley between 
thread passing wove from timer to the bumper, with the help of a 
is attached ^: d a frictionless pulley, at the other end of which 
usual way (uU The run way is compensated for friction in the 
tape comparable ust be taken that there is no drag by the ticker- 
pensated should CON load. In fact, the friction com- 


d with the ticker tape in use. 
Put slotted R 


2 . e 
troll weights in the hanger. As it moves, th 
ae e a ior tape through the КОНЫ, The mass of 
the trolley, e only a very small fraction of the mass of 
By Ki eX 
Nsnger in ue the trolley Initially dt rest ne 


ar the ti i 
After Switching Rer Mu 
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point only are useful as the force ceases to act after the hanger with 
weights touches the ground. After the falling weight hits the ground, 
the trolley moves with a constant velocit 'y only. 


4. Choose а distinct mark on the tape close to starting point 
as the origin. Divide the entire motion in about 10 equal intervals 
of time. This can be done by counting equal number of dots, say 
10, on the tape and marking the end-dot of each interval promi- 
nently. 


5. Find the average velocity during each time interval 
=>) which is quite close to the instantaneous velocity at the 
middle of each time interval. 
More details in this regard may be seen in Experiment 8. 


6. Plot a velocity versus time graph of the motion, taking a 
“tick” of the timer as the unit of time. Draw a smooth curve 
which best fits the points marked on the graph paper. 


Find the slope at 5 or 6 different points along the entire 
curve. Find the average acceleration and estimate roughly the 
variation in it. 


Observations and Calculations : 
Constant force applied=mg=......N 


ч Instantaneous velocit; 
Time interval in x ee 
S. No. “ticks” (t) Distance s in cm y= ar in “ст 
per tick” 
1. 
2. | 
3: | i 
| 
1 
4. П 
i 
i 
$t ! | 
6. 
| | 
T | 
| 
+ | 
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: Slope of the Curve or Acceleration of the Body : 


(i) Slope or acceleration — AA —sem]tiole 
i E BBE иск 
(ii) Slope= on cm/tick' 
т m CCE D. 
(iii) Slope= -5C =......cm/tick’ 
_DD'_ E 
(iv) Slope= OD = ......cm/tick 
РЕ „‚. ick? 
(v) Slope= OE ......cm/tick' 

Average acceleration ......cm/tick?. 


M 


Velocity (V) x 


time (t) <> 


Fig. 9.2. 
Result : 


(i) The velocity versus time graph of the moti 
pulled by a constant force is a straight line. The slopes rg 
graph at various points are not different. 


(ii) The average accelerati f р 
саас ЕЕ eR ion of the body when pulled by a 


Precautions and Sources of Error : 


1. Table must be clean, smooth and plane. The runway 
must be compensated for friction. 


2. Incase trolley has to be made heavier by placing bricks, 
crumbly bricks may be wrapped in paper to prevent their grit from 
falling on the table and thus obstructing the smooth motion of the 
trolley. 


3. If the slopes of v—t graph at various points are different 
ie., if the graph is not quite a straight line, the following is most 
likely the reason for variation in the acceleration of the trolley 
(i) air resistance, (ii) different friction at different spots, (iii) an 
uneven top table, and (iv) a constant force may produce different 
accelerations at different instants of time. 


ORAL QUESTIONS 
(Same as in Expt. 8 and Expt. 10). 


Experiment 10: 


(a) To locate the position of no “friction for the junction of 
three threads when it is in equilibrium under the action of three 
forces in the parallelogram law of vectors apparatus. 

(b) To find the weight of the given body using the parallelogram 
law of vectors. 


Fig. 10.1 
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Apparatus : 


Gravesands' apparatus; hangers ; slotted weights ; thread, 
half metre rod, plane mirror strip ; a spring balance, set squares and 
protractor ; a wooden block with a hook (unknown weight). 


Theory : 


If a number of forces act on a body simultaneously, it is 
possible to find a single force, which would replace them, i.e., 
which would produce the same effect as is produced by all the 
given forces. This force is called the resultant force. If we apply 
to the body a force equal and opposite to the resultant, the body 
would be in equilibrium ; for the resultant and this applied force 


would balance each other. This applied force is, therefore, called 
the equilibrant force. 


Since force is a vector quantity the resultant of two or more 
forces cannot be determined by applying the arithmetical laws, but 
by the method of compounding vectors. Thus, when we have 
only two forces acting on a body at a certain angle, we might 
compound them by the law of parallelogram of forces which may 
be stated as follows : 

Law of Parallelogram of Forces 


_If two forces, acting simultaneously on a particle be represen- 
ted in direction and magnitude by the two adjacent sides of a 
parallelogram, their resultant is represented in direction as well as 
magnitude by the diagonal of the parallelogram which passes 
through their Point of intersection. 

Let AB and AD represent С 
F, in magni- D 
inclined to 
angle 0 and 


Particle. Complete the arall Re 
ee ABCD and the ESA 
T t 
fond SP esents the resultant DO 1 
E A Fy B 
“АР ЕЕЕ ОЕ Р, соз 0 Fig. 10.2 


Ifa be the angle tha 


then tthe resultant makes with the force F, 
tan a=__Fş sin O0 - 
Procedure : 1 Fr cos б 
1. Place the 


vertical by a plumb ay esand's RPParatus оп a table. Make j 
as to rotate freel : See that the ulle каде 
ely about their axis. If not a E are frictionless so 

» ет. 
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2. Fixasheet of paper on the board by means of drawing 
pins. 


3. Pass a thread over the two pulleys with hangers at its 
ends and then knot another thread in its middle and attach the 
given wooden block (unknown weight) to its lower end. Add 
slotted weights to: the hangers till the knot A (Fig. 10. 1) lies 
approximately at the centre of the shect and none of the hangers 
and the given body touches the vertical board. When the weights 
are steady it would mean that the point A is in equilibrium 
under the action of three forces represented by the weights. In 
the case of perfect equilibrium, a slight disturbance of the point 
A should bring it back to the original position but generally the 
position of A may vary over a small area on account of friction at 
the pulleys, etc. 


4. To mark the direction of the forces, place a plane mirror 
strip lengthwise under each thread in turn and mark two points 
one on either end by placing your eye in such a position that the 
image of the thread in the strip is covered by the thread itself. 


5. Remove the hangers along with weights one by one and 
weigh them?with a spring balance carefully and note the weights. 
Find the zero error of the spring balance before weighing. 


6. Unclamp the board and place it on the table. Join the 
points marked under each string and produce them to meet at their 
common junction A which is the position of no friction for the 
junction of three threads. 


7. Choose a suitable scale to indicate the forces so that you 
may get a»fairly large parallelogram. From the common point A 
mark off lengths AB and AC representing the respective forces P 
and Q. On adjacent sides АВ and AC complete the parallelogram 
ABCD and draw the diagonal AD which represents the resultant S 
of P and Q and mark arrow heads to indicate the direction of 
forces. Also; produce EA (Fig. 10.1) and if the experiment is 
correctly performed, EA produced should pass through D. 


8 Measure AD and calculate the force which it represents. 
It should be equal to its equilibrant in magnitude, i.e., the unknown 
weight (R) of the given body. 


9. Repeatthe experiment twice more by changing weights 
in the hangers and find the mean value of the unknown weight R. 


10. Verify the result by weighing the body with a spring 
balance. 
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Observations and Calculations : 


Zero error of spring balance—...... gm wt. 
Scale : | cm—z (say) gm 
EEUU LC AMT wu НЕ LAM, RO 
No. of Force Diagonal | Resultant Force Unknown 
obs. AD (cm) represented weight of the 
by the diagonal given body 
AD R=S=ADxn 
P Q (S) ing (e) 


| =ADxn 


: | 


з | 


Mean value of unknown weight=.........g 
Result : 
(а! The common junction A is the Position of no friction. 
(b) The unknown weight of the given 
body by experiment—......... g 

The unknown weight of the given body 

OG by spring balance=......... g 

96 error— 


Precautions В 
(i) The pulleys icti 
douter HS eys should be frictionless So as to rotate freely 


(ii) The apparatus Should be vertical, 


(iii) The weights should hang freely and not touch the board. 


(v) The direction of the forces should be marked wi 
Г А ith the 
help of a mirr T Strip placed lengthwise using a sharp pencil. 


(у) The Weights should i 
uid х uld be as large as Possible to be so 
adi a the meeting point of the forces is near the middle of 
(vi) Weights along with t 


M y 3 heir hungers sh d i 
with a spring balance, taking into account Ns m per ү d e 
(vii) The scale sh 


parallelogra А ould be so selected, as to get a fairly large 
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Sources of Error : 


1. Weights may not be accurate. 

2. Pulleys are not perfectly smooth. 

3. Lines drawn may not be very sharp and fine and slight 
inaccuracy in making the directions. 


ORAL QUESTIONS 


Q.1. Define: Force. 

Ans. It is that agency which produces or tends to produce ; 
destroys or tends to destroy the state of rest or of uniform motion 
in a body. 

Q 2. What is its unit in the SI system and define it ? 

Ans. newton. 

One newton is that much force which produces in a mass of 
1 kg an acceleration of | m s^*. ч 

Q. 3. How kilogram weight is related to newton ? 

Ans. 1 kg weight—9'81 newtons 

Q.4. Define weight of a body. What is its unit 

Ans. Weight is the pull exerted by the earth on the body 
and is equal to mass X acceleration due to gravity. It is obtained 
by a spring balance. 

It has the same units as force, i.e., newton and kg wt. 

Q.5. What do you mean by resultant force and component 
forces? 

Ans. Resultant force is that single force which produces the 
same effect on a body as is produced by a large number of indepen- 
dent forces. The various forces are called its components. 

Ф. 6. What are scalar quantities ? How are they added up ? 

Ans. Those quantities which have magnitude only and no 
direction are called. scalar quantities, e.g., mass, length, time, 
speed, work, power, energy, etc. 

They are added up algebraically. 

'Q.7. What are vector quantities ? How are they added up ? 

Ans. Vector quantities are those quantities which have 
magnitude as well as direction, e.g., Force, Velocity, Displacement, 
Momentum, etc. : 

They are added up according to the Laws of composition of 
vectors, i.e., by Parallelogram Law of vectors or Triangle Law of 
vectors or Polygon Law of vectors. 

Q. 8. What do you mean by composition of vectors 2 

Ans. It isa process of compounding two or more than two 
vectors into a single vector, i.e., resultant vector. 
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Q 9. State Parallelogram Law of forces. 

Ans. Parallelogram Law of forces : 

If two forces act on a particle simultaneously and they can 
be represented by the two adjacent sides of a parallelogram, their 
resultant is represented in magnitude and direction by the diagonal 
of the parallelogram passing through the point where the two sides 
meet. 


9.10. State Triangle Law of forces. - 

Ans. Triangle Law of forces : 

If two forces act ona particle simultaneously and they can 
be represented in magnitude and direction by the two sides of a 
triangle taken in order, their resultant is represented in magnitude 
and direction by the third side of the triangle taken in the opposite 
order, 

Q.11. State Polygon Law of forces. 


Ans. Polygon Law of forces : 

If a number of forces act on a particle simultaneously and 
they can be represented in magnitude and direction by the sides of 
а polygon taken in order, their resultant is completely represented 
in magnitude and direction by the closing side of the polygon taken 
in the opposite order. 


О. 12. What is resolution of forces 1 


Ans. It is a process of resolving a resultant force into its 
component forces. 


Q.13. What are rectangular components of a force ? 

Ans. If the components of a force are at right angles to each 
Other, then they are called rectangular components. 

Q.14. Distinguish between rest and equilibrium. 


ooh Aus. Rest means motion and equilibrium means по 
HUN ERAN Ade body does not changes its position with respect 
is Trouncings then it is said to be at rest and if a number of 

es acting on a body simultaneously do not change its state of 


Test or of uniform motion t i i i 
equilibrium, hen the body is said to he in a state of 


"e 15. How did you find ihe unknown weight of a given 


Ans. By applying Parallelogram Law of forces. 
Q.16. Is ita good method ? 
Ans. No:owi icti 
PM UR "d Sung to the friction at. the pulleys, it does not 


[For further questions on friction read questions in Expt. 15] 
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Experiment 11: 


To find the downward force along the inclined plane acting ona 
trolley/roller on account of gravitational pull of earth and study its 
relationship with the angle of inclination of the inclined plane. 


Apparatus : 


Inclined plane with glass top with a pulley, pan, weight box, 
strong thread, roller or trolley, half metre scale, spirit level, spring 


balance. 
Theory : 


An inclined plane or a plane board hinged at its lower end 
and supplied with some means of adjusting its inclination at several 
different values. At the upper edge of the inclined plane is usually 
fixed a pulley, over which a cord passes. To the end of the cord on 
the plane the load W is attached, while from the hanging end of the 
cord, weights from the weight box can be suspended to exert the 
force P on the cord (Fig. 11.1). In order to eliminate friction bet- 
ween the load W and the plane, W is usually a small roller, supported 
on an axle carried by a suitable framework, to which framework the 
cord is attached. In some forms of the apparatus the pulley and 
hanging weight are replaced by a spring balance which automatically 
adjusts itself to exert the required force P at any inclination, and P 
can be read off directly. 


GRADUATED QUADRANT 
P ` Яв 


PLUMB. 
LINE 7 
/ | 
Z | 
CC І 
` | 
Р ^4g 
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The angle 0 can be measured by means of a protractor placed 
with its edge along the horizontal base and its centre at the centre ef 
the hinge but it is better to have a graduated Quadrant fitted near 
the top of the plane (Fig. 12.1), with a plumb line hanging from its 
centre. If the zero-line of the Quadrant stands out at right angles 
to the plane, the angle 0 is read off as the angle between the plumb 
line and this zero line. This method is preferable to the first, as it 
is necessary to level the base by means ofa spirit level if the first 
method is used, and other errors easily creep in when measuring the 
angle 0. 


If a load W is resting on an inclined plane, it may be main- 
tained in equilibrium on 
the plane, or pulled with- 
out acceleration up the 
plane, by a force P acting 
parallel to the surface of 
the plane. The force P is 
much smaller than the 
weight of the body W, 
the value of Р diminish- 
ing as the inclination of 
the plane diminishes. 


Pulley 


, Consider the forces ] 
acting on a body of Fig. 11.2. 
weight W, which is just 
maintained in equilibrium on a plane inclined to the horizontal, at 
an angle 0, by a force P acting along the plane. We have first its 
weight W acting vertically downwards, secondly the force P acting 
along the plane, and in addition to these there is a force exerted by 
the plane called the reaction R. of the plane. This force acts per- 
Meta to the surface of the plane, if the plane be smooth 


. These three forces together keep the bod ; their di 

AN А у at rest ; their direc- 
biotin tis theres ee if the magnitude of one of them is 
Ef ihe HAASE of Ocean € determined by applying the principle 


Let the line AB denote the weight W. Draw AC perpendi- 


cular to the plane, and ou 
to the Sate an d des acid to the reaction К, and BC parallel 


аа aa at C;hence AC and BC represent R and P 
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The angle CAB is equal to the angle 0 ; since AC i i 
cular to the plane and AB is perpendicular to ‘the base. т ar 


BG». А 
"AB =Sin 
But BC and AB represent P and W, 


therefore, Ws 6 


P=W sin 8 

A somewhat simpler proof is obtained if we consider th 

H H e 
energy gained by the weight when pulled up the pl 
done by P in pulling it up the plane. BOIS DER AR oa 

The work done by a force is measured by the product 
magnitude of the force and the effective displacement, s the Um 
moved by the point of application in the direction of the force. 
Suppose the force P pulls the body through a distance /, measured 
along the inclined plane, and in so doing raises it through a vertical 
distance /, which we may call the height of the plane. 

The height of „the top of the plane above the bottom is A 
hence the weight gains an amount of potential energy— WA when 
raised to the top. | 

The force Р acts through a distance / in its own direction when 
pulling the weight up the plane, if / is the length of the plane, hence 
the work done by the force is PI. 

By the principle of conservation of energy, 


Energy gained— work done 


or Output=Input 
so that — WA—PI 
wi! 
or “РТУ? 


Now Mechanical advantage of the Inclined Plane (M.A.) 
ati W_ Weight lifted 
| = P Power applied 
and velocity ratio уж)= 7 


E: distance through which power is applied 
= distance through which weight is lifted 
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M.A. 


Efficiency of the Inclined plane= VR х 100% 
; _ Output 
Also, Efficiency — "Input. x100% 
Since Wh-PI 


Т 1 Р 
Weight (W)=P . 75 "re 


Thus knowing P and sin 0, the unknown weight (W) can be 
calculated. 


Procedure : 


1. First of all see that the pulley of the inclined plane and the 
roller rotate freely about their axis and if not, oil them. 


2. Check up that the board with glass top is horizontal when 
it coincides with base board i.e., when 0—0. If not, adjust it hori- 
zontal.. 


3. Suspend the spring balance in a clamp stand. Find the 
magnitude of each scale division and also find the zero error of the 
spring balance. Find the weight of the scale pan and that of the 
roller. 


4. Pass a string over the pulley. Attach the roller lying on 
the plane to its one end and pan to the other end. Make sure that 


the thread does not touch any part of the horizontal board or 
the table. 


5. Go on adding weights into the pan till the roller just begins 
to move upward on tapping the plane. Note the weights placed in 
the pan (p,). _Go on decreasing the weights placed in the pan now 
till the roller just begins to move downward on tapping the plane. 
Note again the weights placed in the pan (рз). Take the mean of 


; pi p. А 
Pı and р: ie, (s 1 2 2 | and add it to the weight of the scale pan 
to get the force applied (P) or the effort applied. 
6. Apply different forces P over the pulley, using differen 


inclinations of the plane. Note corres i 
| ` the ES ponding values of P and 0 
taking five or six different inclinations. Я i 


7. Plota graph between sin 0 
бн суш oe S and P and also between P and 


Observations and Calculations : 
Zero error in the spring balance— ......... g 
Corrected weight of the scale рап=р=...... 


g 
Corrected weight of the roller =W —...... 


g 


Weights placed in the Component of 
pan when roller gravitational force 
is moving (P)=p X o; 
S. No. PitDs Inclination sin 0 
terzi : 
up down in gm 
(ing | (Pa) ing 
1. 
2. 
3. 
4. 
5. 
6. 


If the Quadrant for 
measure h and / directly, 


time and measuring its he 


the plane from the centre 
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measuring 0 is not fitted to the apparatus, 
taking fhe same point on the plane each 
ight above the base and its distance along 
of the hinge. The table of observations 


ged as follows : 


would then be artan 
Weights placed in the | Component of 
scale pan when roller gravitational 
5. is moving force P= h 1 | sin 8 
No. (==. ле +(®" inem| in | h. 0 
(Р down 2 cm 7 
G ping | Фо) ing ing 
|e A mw = 74 
18 
2% 
3. 
4. 
BY 


а 
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Resalt ; 


(i) The downward force along the inclined plane acting on 
the roller/trolley on account of the gravitational pull of the earth 


ГРО N 
(ii) The graph between P and sin Û is a......... 
The graph between P and Ө is......... 
Precautions : 
(i) The pulley and the roller/trolley should be free from 
friction. 
(ii) The thread between the roller and the pulley should be 
parallel to the plane. 
(iii) The surface of the roller/trolley and that of the inclined 
plane should be clean, dry, plane and smooth. 
Sources of Error: 
1. The weights in the weight box may not be standard. 
2. The pulley and the roller/trolley may not be frictionless. 
3. The surface of the inclined plane may not be equally plane 
every where. 
ORAL QUESTIONS 
(Same as in Expt. 8 and Expt. 16i). 
Experiment 12. 
. To study how the acceleration of а body depends on the force 
acting on it and the mass of the body. 
Apparatus : 

. Ticker tape timer, loose roll of tape, carbon disc, 4 trolleys, 
raised runway or a horizontal laboratory table, metre-rule, elastic 
cords with eyelets, a.c. supply. 

Theory: 


Newton's Second Law of Motion can be stated as “the rate of 
ہو لاج‎ 
Q— F O—»F 


Fig. 123. А mass being uniformly accelerated, 
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change of momentum of an object is equal to the unbalanced force 
applied to it causing the change in momentum to take place in the 


direction of the force". 


Consider a mass m moving with an initial velocity u. It is. 
accelerated toa velocity v in a time t by the application of a cons- 
tant unbalanced force F throughout the t seconds (Fig. 12.1). 


Change in momentum 
Ap=+mv—(-++mu) 
Ар=ту—ти 

Rate of change of momentum 


Ар  mv—mu 
tod t 


Unbalanced force p.20 


F=ma 


where a=acceleration which by definition is the rate of change of 


velocity. 
The Force F has units of kg ms"? which are known as newton: 


(N). 

From Newton’s Second Law expressed in the form F=ma it 
can be seén that, for a fixed mass m, the acceleration a is directly 
proportional to the applied unbalanced force F. 


ack 


The equation F=ma also states that for a given unbalanced 
force F, the acceleration a is inversely proportional to the mass 


m i.e., 


or 
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Procedure : 
[A] To test the relationship a сЕ : 


1. Set up the apparatus shown in Fig. 12. 2"but without the 
elastic cord attached. 


The first requirement is to compensate for the frictional force 
between the trolley and the runway or the horizontal laboratory 
table. This is done by raising one end of the runway or horizontal 
laboratory table until a trolley, with a tape attached, shows uniform 
velocity (i.e., the dots on the ticker tape are equally spaced) when it 
is given a gentle push down the inclined runway or horizontal 
laboratory table. 

2. Now attach one elastic cord to the single pillar on the 
trolley and stretch it until it is level with the double pillars. A force 
F is required to stretch the cord, and this force F will remain cons- 
tant provided the length of the stretched cord is kept. constant while 
you pull the trolley down the runway or horizontal laboratory table. 
Thread part of a 3 m length of ticker tape under the carbon disc 
and then stick it on one end of the trolley. 


Diagram : 


TICKER TAPE 


TIMER 
LOOSE 


ROLL OF TAPE 


A.C SUPPLY 


ELASTIC CORD 
WITH EYELET 


METRE RULE 


RUNWAY 


Fig. 12.2, 
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Start the timer and stretch the cord while still holding the 
trolley. After you release the trolley you must move alongside the 
runway holding the stretched. cord so that its length remains cons- 
tant. You may have to practise this because the cord will try to shorten 
when the trolley is first released and you must apply just the right force 
1o prevent this happening. 


3. After a successfulrun, detatch the tape and, disregarding 
the first series of dots, cut it up into strips which each represent 
10 vibrations or 0'2 s (10X0'02 s). These strips can be stuck on a 
sheet of graph paper to give a chart like that in Fig. 12.3 (b). 


distance/m — 


Т 
i 


distance/m — 


O'S 19212073 5 
time interval/0.2s5 ->> time intervals/0.2s 
(a) (5) 


Fig. 12.3. Tape charts for (a) uniform motion on the friction-compensated 
runway and (5) accelerated motion. 
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1 2 
acceleration a/ms'? ——> 


4 
force F/multiples of FN —» 


ig. 12.4. A graph of acceleration against the force 
ре ч applied to the trolley. 


i i trolley runs 
4. Fig. 12.3 (a) shows the chart obtained when the ‹ 
down the тау at uniform velocity i.e., covering equal distances 
in equal time intervals on a friction-compensated runway. 


5. Using the chart in Fig. 12.3 (b) the average acceleration.a 
can be calculated from 


(н) 
И - H 
The average final velocity v for the sixth length of tape is 
calculated from 
S 

"o 
Likewise, the original velocity is calculated as 

=$ 


02 
from the first length of the tape. 


The time interval 


1 between the first and | sixth. tapes is 
5x02 s=1'0s. Hence 
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6. When two elastic cords of the same original lengths and 
made of the same elastic are both stretched by the same amount as 
the one in the first part of the experiment, the new force will be 
twice the original force. Р 


Repeat the experiment using two, three and four stretched 
cords to apply forces of 2F, 3F and 4F respectively to the same 
trolley. In each case calculate the acceleration a as shown above. 


7. Plot a graph of ‘a’ against “Е”. It should be a straight 
line passing through the origin as shown in Fig. 12.4. 


[B] To test the relationship асс i 


(i) Again set up the apparatus shown in Fig. 12.2 but this 
time keep the accelerating force F constant by using two or three 
elastic cords and instead vary the mass the force acts upon. First 
тип a single trolley, then two, three and four trolleys stacked to- 
gether (Fig. 12.5.) All the trolleys should be of equal mass m, so that 
the total mas. is increased by the same amount each time. Alter- 
natively, you could add metal blocks or standard masses equal in 
mass to the trolley, to a single trolley. 


TWO TROLLEYS 
STACKED 


Fig. 12.5. 
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Once again one end of the runway must be raised to compen- 
sate for friction so that the trolley with the ticker tape attached 
will move with uniform velocity (i.e., the dots on the ticker tape are 
equally spaced) when given a gentle push down the inclined runway. 


(ii) When the preliminary adjustments are complete, attach a 
3 m length of tape to the trolley and apply a steady force using two 
or three stretched elastic cords. Using the technique shown in 


Fig. 12.3 (b), calculate the acceleration a and hence find l for the 
single trolley. 

(iii) Now double the mass to be accelerated by stacking a 
second identical trolley on the top of the first one or by adding 
standard masses equalin value to the mass ofthe trolley. Since 
the mass is now double, the weight is also doubled and therefore the 
frictiona! force will increase. Thus the runway must be raised a 
little higher so that it is friction-compensated for the double 
mass. 

Now accelerate the double mass using the same two or three 


cords: and determine a and + from the tapes. 


Repeat the experiment with mass trebled.and quadrupled. 


(v) Plot a graph of mass m against reciprocal of acceleration 


Itshould be a straight line through the origin similar to 
Fig. 12.6. 


Observations and Calculations : 


[A] For ‘a’ versus ‘F’ graph : 
мылты AES АА. 


$. Мо. Force (F) Tu M 
a= т: 
Sr سے‎ See 
1 1F 
2 2F 
3 3F 
4. 4F 
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4m 


3m 


о 1 > X 
Fig. 126. A graph of mass of the trolley against the reciprocal of 
its acceleration. 


[IU 


[B] For ‘m’ versus ^x graph : 


Acceleration 
S,—S, 
am my 


ale 
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Result : 


(i) A graph of a against F is a straight line passing through 
the origin. This verifies the relationship 


ack 


(ii) A graph of m against т isa straight line passing through 


the origin. This verifies the relationship 
1 1 
т=—— or ас-—. 
а т 


Precautions : 


(i) The experiment is best performed on a clean, smooth, 
plane runway or table. 


(ii), The frictional force between the trolley and the runway or 
table must be compensated. 
(їй) A force F required to stretch the cord must remain con- 
stant while you pull the trolley down the runway. 
(iv) Elastic cords must be of the same original lengths and 
made of the same elastic. 


(у) All the trolleys should be of equal mass so that the total 
mass is increased by the same amount each time. 


ORAL QUESTIONS 
(Same as in Expt. 8). 
Experiment 13. 


To study the first law of motion by Galileo’s experiment, using 
the double inclined track (i.e., a pair of inclined tracks each of which 
can be independently set at a small angle of inclination). 

Apparatus : 


A double inclined track (or a flexi i i 
\ К У exible curtain rail), a ball bear- 
i of diameter 2'5 cm or more ora large marble, an accurate spirit 
evel, about 15 to 20 small glass plates each of size about 3 cm 


71 


х3стх2 mm, wooden block, screw gauge ; 2 laboratory clamp 
stands ; 2 G-clamps. 


Theory : 


Uniform motion in a straight line is one in which a body 
covers equal distances in equal intervals of time, however small these 
intervals may be. А body not acted upon by an external force or. 
acted upon by balanced forces executes uniform motion in a straight 
line. 


According to Newton’s first law of motion : “а body continues 
го be in a state of rest or of uniform motion ina straight line unless 
and until it is acted upon by an external force to change its state of 
rest or of uniform motion." 


Diagram : 


BALL 


Le 


WOODEN BLOCK 
(a) 


BALL 


WOODEN 
GLASS BLOCK 


(5) 
Fig. 13.1 


Y 
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Alternative Set up of the Apparatus: 


Fig. 13.2. 
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Procedure : 

1. Lay the double inclined track on the table and clean it 
with cotton or tissue paper. 

2. Hold the mid-point of the apparatus with the help of pair 
of weights. Insert a wooden block under the right arm such that 
it is raised by 3 to 4 cm. Make the other arm (say left) horizontal 
[Fig. 13.1 (а)] using a spirit level. It can further be checked by 
placing a ball on this arm at different places. The ball should stay 
where it is kept. Each time we shall release the ball from the 
raised arm at a small fixed distance from the mid-point, say, at 5 cm 
or 10 cm. 

3 Now raise the end of left arm using glass plates [Fig 13.1 (6)] 
Measure the thickness of glass plates by using screw gauge. 

It is advisable iu chork ur hy a screw gauge that the glass plates 
are of equal thickness. These should be cut from the same larger glass 
plate. 1f these are of different thickness, write the thickness on each 
with a spirit based pen. Then for each inclination of the left arm 
of the apparatus, calculate the height through which its end is raised 
above its horizontal position. 

Alternative Set up of the Apparatus : 

To support the curtain-rail is to glue a, 60 cm wooden lath 
(1:2 cm?) to each end of the underside of the curtain-rail. One end 
is conveniently held with a retort stand and clamp at a height of 
about 30 cm above the bench. The other end can be held in another 
retort stand. 

The ball bearing is held at the top of one end of the curtainrail 
and released so that it rolls down one side and then up the other. 

As the curtain-rail is flexible it can be tilted, to various slopes, 
both equal and unequal. The ball can be released from each end 
in turn to see if any difference occurs. The experiment may also 
be tried with a horizontal length between the two slopes. 

Note. It is very important for the support to be rigid i, 
experiment is 10 be effective. There must not be energy lse ye 
by the rail moving. 

4. Release a ball from the right arm and note the distance d, 
upto which it ascends on the left arm. Since the ball stays at the 
highest position only for an instant, you have to be alert. Observe 
this distance of ascent three or four times and find the mean value. 

Repeat the process for various inclinations of the left 
The elation can be changed by changing the number of Bitch d 


5. Plot a graph between the slope of the left arm and 1. 
Since the slope is proportional to the number Of glass plates, you 
may simply plot — versus number of glass plates. Extend the 


d 
graph to slope zero i e., horizontal position of this arm. 
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Observations and Calculations : 


Distance of ascent 
Slope (d) in cm 
(No. of glass) 


S. No. Tp oul Doel ИИ ЕГ SENEC 
plates 1 2 3 4 5 Mean 


S 


3 
-|v 
t 
О SLOPE —> x 
(NO OF GLASS PLATES) 
Fig. 13:3. 


Result ; 


The graph between i versu: 
slope) is a straight line, 
find that the value of ET 


s number of glass plates (i.e., the 
By extending the graph to zero slope, we 


is zero for zero slope. It indicates that the 
ball will go on moving when 


| 1 the left arm is horizontal. This is 
what First Law of Motion Says. 


A 


Precautions : 

1. The double inclined track or the flexi i 

thwart exible curtain-rai 

te proper ly cleaned. Key to the success of this CUPIT e En s 
rolling friction. Even minute amount of dust or oil stain on th E ba Be 
on the track can cause much friction. It is better to clean аа Ж 
tissue paper or cotton soaked in pure carbon tetrachloride i i 

2. Glass plates should be of equal thick : 

ness. 

cut from the same larger glass plate. These RUDE 

3. Sincethe ball stays at the highe iti 
М st position 
instant, one has to be alert to observe the distance of ons hg 

4, The support must be rigid. There ү 

r 5 B mus 

losses caused by moving of the rail. коре Ey 


ORAL QUESTIONS 
(Same as in Expt. 8). 


Experiment 14. 
(a) To find the force of dynamic (sliding) frictioi 
block ona horizontal plane. 8) fi Ug А 
(b) To find the force of rolling friction for a wooden block 
moving on rollers on а horizontal plane. 


Apparatus : 

Wooden block with a hook, a pulley which can be fi 
edge of a table and a flat plate of glass (or an inclined plane yip 
with glass top and pulley), а light scale pan, a weight box with 
fractional weights, а spring balance, spirit level and thread. 


Diagram: 


FLAT PLATE OF WOOD, 
METAL OR OF GLASS 


WEIGHT ON THE BLOCK 
BLOCK OF WOOD OR METAL 


FRICTIONLESS 
PULLEY 


DETERMINATION OF 
CO-EFFICIENT OF 
FRICTION 


Fig. 14.1. 
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Theory : 


The surfaces of bodies are never perfectly smooth. When two 
bodies are in contact and an attempt is made to slide one over the 
other, an opposing force called force of. friction. arises as a reaction 
to the applied force and acts in the opposite direction. The maxi- 
mum force of friction that can be called into play between any two 
surfaces is known as limiting friction (F). This limiting friction is 
directly proportional to the Normal reaction (R) or the force acting 
normally on the surfaces in contact with each other. 


Mathematically, 


F eR 
or 


F=2R | where y is coefficient of friction. 


This constant depends upon the nature of the surfaces in contact 
and the material of the bodies. 


The force required to start two surfaces slipping over each 
other when pressed together with a given force is greater than the 
force necessary to keep them moving over each other when once they 
are started. We thus -have two frictional forces for a given force 
perpendicular to the faces. One of these is called the static 
frictional force, being equalito the force that has to be exerted 
to start the motion, or the force exerted on each other by the 
two surfaces when at rest. The other force is called the dynamic 
frictional force being equal to the force required to keep the 
surfaces in steady motion over each other when once the 
motion has commenced. Corresponding to these two forces 
there will be two coefficients of friction. The coefficient of static 
friction and the coefficient of dynamic (or kinetic) friction. The 
coefficient of static friction is invariably greater than the coefficient 
of dynamic (or Kinetic) friction. 

Procedure : 


Dynamic (sliding) Friction : 
1. Adjust the table with a flat plate of gla i 
glass on it so that the 

ote 3. Meus plate of glass is horizontal. Check it with the 
5 insert 
"ur e ing pleces of paper/card board under the 

(If you propose to slide the уу t 

\ S ood 
table itself, make it horizontal.) MA ег 

2 Pis sure that the Pulley is frictionless. If not, oil it. 
буйн ыр Seo the least count and zero correction of the 


4. Find the correct wei wi 
and of the scale pan (P) separately 86 Sven Wooden block (W) 
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5. Connect the hook of the wooden block with the help of a 
thread to the scale pan. Pass the thread over the frictionless pulley 
as shown in Fig. 14.1 so that the scale pan hangs freely in the air 
The portion of the thread between the hook and the pulley may be 
horizontal. 

6. Тар the glass top gently and adjust the weight W in the 
scale pan so that the block moves slowly and continuously along the 
whole length of the glass plate. Note the total weight in the pan 
including the weight of the pan ie., P+w. In this si‘uation the 
average force of dynamic friction on the glass top is equal to 
(P+w). 

The motion of the block may have some jerks as the friction 
may be slightly greater at some portions of the glass top and less at 
others. Clean that portion by tissue or soft clean dry cloth and 
repeat the movement of the block. 

7. Repeat the experiment at least ‘six times by placing a 
weight of 20 g, 30 g, 40 g, 50 g, 100g, 150g etc, on the wooden 
block. 

$. Rolling Friction. Next put rollers e.g., round pencils, or 
glass rods slightly longer than the breadth of the glass top or nails 
with their heads cut off by a hacksaw etc., all along the glass surface 
and let the block move on them. Again find the force which moves 
the block slowly along the entire length of the glass top. In this case 
the light weight pan will have to be used and small weights (even 
milligrams weights) will be needed to achieve proper adjustment, 
because the rolling friction is very small. 

In fact, rolling friction depends on the objects placed below 
the block to roll on. If time permits find the rolling friction for 
mustard seeds or glass marbles or small ball bearings etc., below 


the block to roll on. 

Repeat the experiment at least six times by placing a weight 
of 20 g, 30 g, 40 g, 50 2, 100 g, etc., on the wooden block. 
Observations and Calculations : 

Least count of spring balancé = 

Zero error of the spring balance= 

Weight of the wooden block 

Observed=......... g 
Corrected 2 W —........- g 


Weight of the scale pan 
Observed — .........g 


Corrected — P— .........g 
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Dynamic (sliding) Friction : 


ell, OS Ж ЕЛҮ Т toc 


7 ic 
S. No. Made Weight in the pan "lain поп 
(x) ing (w) in g (P+w) in N 
Lad ES | eee NM MM 

1. 
2: 
3. 
4. 
b 
6. 
7. 


Tom LAUNE та c Se ck DT 


olling Friction : 


Be "йй ORS iol a 


Weight on Weight in Force of rolling 
S.No. the block | the pan friction 
(x) in g (w) ing (P+w) in N 


ЕЕЕ ЕЕЕ 


ih | eee 


ере ee 


1. The pulley should be free from friction, 
2. The glass Surface Should be clean, bry and horizontal. 
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3. The thread between the hook and the pulley should be 
parallel to the glass surface. 

4. The pan should not touch any part of the table. 

5. The glass plate should be very gently tapped. 

6. Itmay happen that during its jerky continuous motion,. 
the wooden block may get stuck up at some spot and may not 
move on tapping the horizontal surface. This spot is not sufficiently 
clean. Cleanthatspot by tissue or soft clean dry cloth and repeat 
the movement of the block. 


Sources of Error: 

1. The weights in the weight box may not be standard. 

2. The pulley may not be frictionless. 

3. The horizontal surface of the glass plate may not be 
equally rough everywhere. 

Note, The position of the wooden block on the friction table 
the direction of the wood fibres relative to it, and the moisture, alk 
affect the magnitude of dynamic/rolling friction. 


ORAL QUESTIONS 


Q. 1. What is friction ? 

Ans. When a body moves under the action of 2 certain force,. 
the surface with which the body is in contact produces a counter 
force which resists the motion of the body by acting in the opposite: 
direction. This resisting force is called friction. 

Q. 2. What are its causes ? 

Ans. It is due to the roughness of the two surfaces. The 
two irregularities of surfaces in contact interlock. Friction depends. 
upon the force with which the bodies are pressed against each. 
other. 

Q.3. What is limiting friction ? 

Ans. Itisthe maximum force which is called into play when 
ene body moves over the surface of another body. 

Q. 4. What is coefficient of friction ? 


Ans. It is the ratio of the limiting friction (F) to the normak 


reaction (R) for the two surfaces in contact, Í e., p= R 


Q. 5. What are different kinds of. friction ? 
Ans. Static friction ; sliding friction and rolling friction. 


Q. 6. Which is least'of all? 

Ans. Rolling friction. 

Ф. 7. How will you reduce friction in your pulleys ? 

Ans. It is reduced by ball bearings where in a rolling contact. 
is substituted for a sliding contact as rolling friction is always less. 
than the sliding friction and by lubrication. 
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Q. 8. Is friction of any use in nature ? 

Ans. Yes; walking should have been impossible without 
friction and skating all the more difficult. Nails and screws would 
not hold nor would the fibres of a rope hold together etc. 

Q.9. Why friction is an evil ? 

Aus. Because work done by a machine, i.e., output is always 
less than work done on it, i.¢., input and hence the efficiency of a 
machine is always less than 100%. This is because а part of the 
energy supplied to the machine is used up in over-coming friction 
‘between the various parts of the machine. 

Q. 10. .How will you reduce friction ? 


Ans. By making the two surfaces smooth. By using ball 
bearings arrangement and by shaping the body in a stream line by 
using lubricants, etc., etc. 

Q. 11. What is static friction ? 


Ans. When a body is made to slide over the other, a force of 
friction comes into play in the opposite direction. As the applied 
force is increased, the opposing force also increases. This opposing 
force of friction is called static friction so long as the body does 
not move, 

О. 12. Is the static friction constant 2 

Ans. No. It increases with the applied force so long as the 
body does not move. It isa self-adjusting force. 

Q. 13. What is normal reaction ? 


Ans. When a body is placed over the surface of another 
body, the former gives action to the latter and the latter gives reac- 
tion to the former in the opposite direction. The magnitude of the 


reaction in the direction normal to the surface of the latter is called 
normal reaction. 


Q. 14. What are the laws of limiting friction 
Ans. (i) The magnitude of limiting friction between two 
Surfaces is directly proportional to the normal reaction. 


(ii) The magnitude of limiting friction is independent of the 
Shape and area ofthe sur! 


е а faces in contact so long as the normal 
Teaction remains the same, 


NIE Ts the value of coefficient of friction same for all pairs 
Ans. No; 


j ; the coefficient of friction is different for di 
pairs of surfaces. T different 


d ut On what factors does the coefficient of friction depend ? 
ms. It depends upon the nature i 
two surfaces in contact y HS orem POUR of the 


vs 17. What is dynamic friction or kinetic friction ? 
ns. It is that force of friction whic i ў 
the motion has started. ARAS. pou 


81 


Q. 18. What is rolling friction ? 


Ans. Whena body rolls or tends to Toll over the surface of 
another body, the resisting force called into play is known as the 
rolling friction. 

Q. 19. Which is greater; static friction ; dynamic friction ; 
rolling friction ? 

Ans. Static friction is slightly greater than the dynamic 
friction whereas static friction and dynamic friction are very much 
greater than the rolling friction. 

Q. 20. How does rolling friction depend on. the radius of the 
wheel ? | 

Ans. The force of rolling friction varies inversely as the 
radius of the wheel. 

Q. 21. Hew does rolling friction depend upon rigidity of the 
two surfaces. 

Ans. It decreases as the rigidity of the two surfaces increases. 

Q. 22. Why do we not get the same value of coefficient of 
friction for different observations ? 

Ans. Because the surface over which a body moves is not 
uniformly polished and so the friction is different at different points; 
so the value of coefficient of friction also differs. 

Q.23 What is angle of friction ? 

Ans. Theangle which the resultant of normal reaction and 
force of limiting friction makes with the normal reaction is called 
angle of friction. 

О. 24. What is the relation between angle of friction and 
coefficient of friction ? 

Ans. The tangen: of the angle of friction is equal to the 

i friction, i.e., 
tp p=tan 0 where u=coefficient of friction 
6=angle of friction. 


О. 25. Why do we oil the pulley ? 

Ans. The pulley is oiled so that the friction at the bearing is 
Minimised and the pulley is free to rotate. 

Q. 26. What is the disadvantage if the pulley is not friction- 
less? 3 

the applied force is utilized in overcomin 

the Dee Nee oui and Б the observed value of the COE 
cient of friction will be greater than the actual value. 

Q. 27. Why do we slip on a rainy day ? ; 

Ans. Onarainy day, water forms a thin layer between the 
Shoe and the ground and the friction becomes very much less. Thus 
a person slips. 

Ф. 28. Why should the thread from hook to pulley b fs 
zontal ? 
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EN is " dy 
Ans. If the thread is slightly raised, the surface of the boi 
"to which thread is attached may be raised and thus the surface may 
not be in contact with the lower surface. 
Experiment 15: Miei 
To study the relationship between force of dynamic friction and 
normal reacticn, between a block and a horizontal surface by drawing 
а graph. Can this be identified with some physical quantity ? 
Apparatus : 


A table with a frictionless pulley fixed at one end (or an 
inclined plane apparatus with glass top and pulley), a flat plate of 
glass, of brass or of zinc, blocks of different materials with hooks, 
а scale pan, a weight box, spirit level, spring balance a set of 
5x200 g slotted weights, thread. 

Theory : 


Refer Fig. 14.1 and theory in Experiment 14. 
Procedure : 

ils 
Fig. 14.1. 

Follow steps 1 to 6 in the procedure of Experiment '14 for 

| dynamic friction. 

Find the force of dynamic friction (P--w) first with the 
wooden block alone sliding on the horizontal glass surface, ` 

Also find the corrected weight w of the block with the help 
of spring balance, which is equal to normal reaction (R) between 
the wooden block and the glass top. 

2. Next place one slotted weight (200 р) оп the wooden 
block and measure the force of dynamic friction as wel! as normal 
reaction. 


„ In this manner make these two measurements with various 
weights placed on the wooden block. 


3. Plota graph taking normal reaction (R) along X-axis and 
the dynamic friction (F)—P-Ly along Y-axis. The graph will be 
a straight line upto a certain limit (Fig.15.1). 


(Draw a straight line with a 
marked on the 


Set the apparatus as in Experiment 15 and shown in 


ruler which best fits the points 


graph paper to Tepresent your experimental data 
because measurement of force 


of dynamic friction is not à precise 
measurement and your data may not be able to distinguish between 
а straight line graph and a curved graph). 

4. By covering the table witha flat plate of brass or of zinc 
and using blocks of different materials, the force of dynamic fric- 
tion between several different pairs of surfaces can be determined. 

Notes. You may have to make a judicious choice of the size 
of the block and the set of slotted Weights for this experiment. If 
the block 18 too light, its force of dynamic friction may even be less 
than the weight of empty scale pan and you may not be able to` 
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v! 
£ 
z 
о 
= 
o Scale 
x: А 
[ти x- axis 
o 1 small square = .....9 
= y-axis 
= 1 small square = .....9 
a 


NORMAL REACTION R— X 


Fig.15.1 


take an observation with block alone. Similarly, the maximum 
normal reaction, with which you work by placing the entire set of 
slotted weights on the block should not Бе so large that its force of · 
dynamic friction is larger than the force obtained by placing all the 
weights of the weight box on the pan. 

2. Ifthe slow continuous motion of the block on the glass 
surface is too jerky, clean tke glass surface by rubbing it briskly with 
a clean soft dry cloth. If oil spots are seen on it, clean by soap 
solution. 

It is essential for consistent results that the surface of any one 
plate shall be in a uniform state of polish all over. If this is not the 
case, the experiment must be carried over so that the portion of the 
lower surface moved over is always the same. This is done by 
marking a line on the fixed surface and starting the block always 
from that line. 

3. It is also essential that the surfaces be in the same condi- 
tion in all the observations with a given pair of surfaces. If the 
surfaces are pressed together before applying the force, the coeffi- 
cient of friction will be changed to some extent. If moisture 
condenses on the surfaces, the coefficient of friction will be changed 
entirely. 


Observations and Calculations : 
Least count of the spring balance=......... g 
Zero error of the spring balance =......... g 
Weight of the block Observed = 
Corrected=w= 
Weight of the scale рап Observed—.........g 
Corrected —P--.........g 
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Force of | Coefficient of 


Weight on | Weight in Normal dynamic dynamic 
S. No.| the block the pan Reaction friction Де 
j (x) in g (w) in g R=(w+x) F=(P+w) 
ing ing 
1. 
2 
Be 
4. 
3. 
6. 
7. BE uuu 
8. 
EE eV X or. nu Ups value of p= 
Его the graph : 
Force of dynamic friction (F) Seg 
Normal Reaction (R) = ran 
Coefficient of dynamic friction کم‎ 
Result : 
(i) Since the graph between normal reaction (R) and the force 
of dynamic friction (F) is a straight line, therefore, FocR for a 
Particular pair of surfaces in contact. 


(ii) The ratio + =constant and is called the coefficient of 
dynamic friction (4) for a particular 
Precautions ; 

Same as in Experiment 14. 
Sources of Error: 

Same as in Experiment 14. 


ORAL QUESTIONS 
Same.as in Expt. 14. 


pair of surfaces in contact. 


SECTION D 85 


Experiment 16 


(а) То find the time-period оў а simple pendulum and hence find the 
value of g i.e., acceleration due to gravity at a place. 


(b) Draw a graph between 1 vis t and | vis ё and study which is better 
where l is the length of simple pendulum and t is the time period: 


(c) To determine the length of the second’s pendulum from the graph | 
vis Ё. 
Apparatus : 


Metallic bob with hook ; clamp stand ; two split pieces of cork ; fine 
cotton thread about 200 cm in length; Vernier callipers ; stop-watch or 
stop-clock ; metre-rod ; stand and a piece of chalk. 


Theory : 


An ideal simple pendulum consists of a heavy particle suspended by a 
weightless, inextensible and perfectly flexible string from a point about 
which it can vibrate without friction. But as these conditions cannot be 
achieved in practice, a metallic bob suspended by means of five cotton 
thread constitutes a simple pendulum. 


THREAD 
I 


= 
— 


f«&— ——— - +. — پو‎ 


Fig. 16.1 Simple Pendulum. 


86. 
As the bob is displaced from its mean position, it moves to and fro 


about this position with simple harmonic motion (S.H.M.). The time taken 
to complete one vibration (Time Period t) is given by 


1=2т\/ 1 
g 


where 1= effective length of the pendulum, i.e., length of 
thread+radius of the bob. 
and 87 Acceleration due to gravity at a place. 
в=4т L 
t 


) Ata given place, ‘g’ is constant 
1 constant 
2 


or Graph between] and 7 is a straight line. 


A Second's Pendulum is that Pendulum whose length is such that it 
completes one vibration in 2 seconds, 


Procedure ; 


(ii) Tie the bob to one end of 
other end of the thread through th 


Stand so that the bob lies exactly above the Point of intersection of the two 
lines. 
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Mark two points A and B on either side of the point of intersection and 
at a distance of 2 cm from it as shown in the diagram. (Fig. 16.1). 


(iv) Put an ink mark M with your pen on the thread at a distance of 80 
cm from the centre of gravity (c.g.) of the bob. Put six more marks on the 
thread each at a distance of 10 cm from the previous one. This means that 
the new marks are at distances of 90; 100; 110; 120; 130; 140 cm from the 
c.g. of the bob. 


Put the 140 cm mark just at the lower surface of the cork i.e., at the 
point of suspension by suitably pulling the thread through the cork piece. 
Now adjust the position of the clamp on the stand in such a way that the 
bob keeps a height of 1 to 2 cm from the ground and exactly above the 
point of intersection of the two lines perpendicular to each other. 


(v) Take the bob along the line AB distance of 2 cm on either side of the 
point of intersection and release it. The pendulum begins to oscillate. See 
that it executes linear vibrations, i.e., it oscillates along the straight line and 
not along an elliptical or circular path. Also see that the pendulum does 
not start spinning. Now examine the stop clock/watch and find out its least 
count. Also determine its zero error if any. 


If the vibrations are linear and the amplitude of vibration is small, after 
few vibrations, start the stop watch or clock when the pendulum just passes 
through 0, the mean position of the pendulum towards any side say A and 
count zero. When it again passes through ‘0’ in the same direction, i.e., 
towards A, count 1,2,3 and so on upto 20 in this way and stop the watch 
when the last vibration is just completed. Note the time for 20 vibrations 
upto the fraction of a second. Repeat three times without stopping the 
vibration of the bob and take the mean time. Convert this time into 
seconds and divide it by the number of vibrations, i.e., 20 to get the 
periodic time (t) of the pendulum for this length. 


88 


(vi) Next, reduce the length by 10cm by pulling the thread 
up after slightly loosening the clamp. Also lower the clamp to 
keep the bob near the floor as before and take the time period for 
this length. In this way repeat the experiment at least six times 
by reducing length. 


See that at least four readings should be taken when the length 
of the thread is more than one metre and two readings when less than 
100 cm. 


Calculate the value of //t? for each observation and take the 
mean. Find the value of ‘g’ by multiplying this mean 47. 


(vii) Determination of Length of Second’s Pendulum from 
Graph. Ploti—:? graph using the value of ‘I’ as abscissa and the 
corresponding value of t? as ordinate with suitable scales and with 


the least value as origin. This will be a straight line as shown in 
Fig.16.2. 


Y | Graph between Land 12 


(140, 5.61) 
Result 


Length of seconds 
Pendulum = 100 ст 


(130, 5.24) 


"v o я 
on a 
о л о 


> 
a N 
Or am 


(Time Period)? —> 
> > 
N 
e 


= 
o 
o 


w 
N 
a 


90, 3. 
50 (90, 3.61) 
80 90 100 110120 130 


Length ——» 
l1 Small Division = 1 cm 
Fig. 162. 


A simple pendulum whose line period is 2 seconds is called 
a second’s Pendulum. 


Thus if t=2 sec; t?=4 sec. Hence corresponding to 12=4 
along the y-axis, draw a horizontal line which intersects the graph 
ata point. Draw a vertical line through point of intersection and 
A ka value of ‘I’, which is the Tequired length of Second’s 

endulum. 


(viii) Plot 1—1 graph, taking/ along x-axis and t al -axi 
as shown in Figl6.3. The graph will be a curved one. DE ae, iy 


x 


One Small Division = 0.025 Sec? 


Observations : 


t (Time Period) —» 
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Least count of stop watch=.........s 

Zero error of stop watch-.......- s 

Vernier constant of the callipers (V.C.)— 
Zero error of the callipers (1)— 


4 
Scale 
Along X-axis = 
1 Small Square = ----- cm 
Along Y-axis = 


1 Small Square = ..... 


С 4 (Length) —» X 
Fig.163. (graph ! v/s г) 
Mean zero correction of the саШретз=......... cm 
Diameter of the bob (1)......... em, (2)=........¢m 
Mean— 


FEE 
7 
.|" gen 
Sloss SJA F 
Jez sjes Б 
аа 
SPURS 
= m 


Mean corrected diameter (d)— 


Mean radius of the bob=r=d/2=........-cra 


Corrected Time for 20 Time 
vibrations in sec Period 1 Меап 
E E TEE One елш T| ап | т" |1 
ee 2 — in 

2 20 | sec ст] | ts 


2 Mean=(T) in sec sec? jem|/sec® 


1 
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Calculations : 


gag =—...........сш/зес* 
Result : 
(a) Corrected value of ‘g’=............cm/sec?. 
Actual value of ‘g’ at a place—............ cm/sec? 
9% error= difference x100 


Actual value of ‘g’ 
(b) The graph between I and г° is a straight line showing 
that / а г? and the graph between / and t is a curved one. 
(c) Length of Second’s Pendulum from the graph 
==. ст 


Correct Length of Second’s Pendulum = = E cm 


difference 


0, = 
ITOI— 
error correct value 


x100. 
Discussion : 


(d) The graph between / v/s t? is better than the graph between 
1 v/s t. This is because the slope for a graph between | v/s 1® (which is 
a straight line) is the same for all the points on it while this is not 
so for a graph between / v/s t (which is a curved one). Whereas 
the calculation of ‘g’ using a single point on l v/s t? graph gives the 
average value of all the observations taken, the average value of g 
from the/v/st graph can be found by taking large number of 
points on it as it is a curved one and the slope is different for diffe- 
rent points. 


Precautions 


l. The support should be rigid and the lower faces of the 
cork pieces should be in the same plane. 


2. The thread should vibrate at right angles to the split and 
Should be as long as possible. 


3. The amplitude should be small and the bob should move 
in a straight line. 


4. Time should be 
smallest value. 


5. The length should be changed by at least 10 to 15 cm to 
have a considerable change in the time period. 


6. A free hand smooth graph should be drawn. 


7. Theexperiment should be performed at 
disturbance due to air is minimum. à place where 


measured carefully correct upto the 


91 


Sources of Error 


i). Non-rigidity and vibration of suspension support. 

(ii) Elasticity of the thread. 

(iii) Personal error in starting and stopping tne clock. 

(iv) The inaccuracy of time measured. by a stop clock or 
watch and presence of air currents. Any error in f is 
doubled in calculation of т. To measure ‘t’ accurately 
the clock may be compared to a standard chronometer 
and the time for a large number of vibrations should be 
determined. 

(v) Spinning of the bob cannot be completely avoided. 
@xercises 
Q. 1. Prove by experiment that the time period of a simple 
pendulum is independent of (a) the amplitude provided it is not too 
large (b) the mass and the material of the bob, and (c) the nature of 
string used. 


Q. 2. Find the period of a pendulum 5 metres long. 


1 Р 
Hint : Find the mean value of ri for some suitable lengths. 
Let it be ‘c’, then 


— dcl or t= JL 
t c c 


By substituting the value of “с and /=500 cm, 4° may be 
calculated. 


ORAL QUESTIONS 


Q. 1. Distinguish between *g and ‘G’. Give their units. 

Ans. ‘g’ is the acceleration due to gravity caused due to force 
of attraction due to earth. ‘G’ is the universal gravitational constant 
and it is defined as the force of attraction between two bodies of 
unit mass each separated by a unit distance between them. 


3 C.G.S. System 5.1. System 
5 cm/sec? m/sec? 
G dynes cm*/gm* N . m*/kg? 


Q. 2. Is there any relation between ‘g’ and 'G' ? What are the 
values of ‘g’ and ‘G’ ? 


Ans. g— GM where M=mass of the earth 


R=Radius of the earth. 
2=980 cm/sec? or 9°8 m/sec? 
G—6:67 x 107° dynes cm*/gm* or 6°67 x 107! N m'/kg? 
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Q. 24. What is an isochronous motion ? 

Ans. It is that motion in which the time period remains the 
same although the amplitude goes on decreasing. 

Q.25. Why does the amplitude decrease with time ? 

Ans. Due to resistance of air and friction at the point of 
support. 

Q.26. Does the law of conservation of energy hold good 
during the motion of a Simple Pendulum ? 

Ans. Yes, it holds good. 

Ф. 27. What will happen if the bob is made to oscillate in 
water ? 

Ans. The time period will increase as the effective value of 
‘g’. decreases due to upward thrust of water. 

Q.28. What will happen if the bob vibrates in vacuum 2 

Ans. The time period decreases as the value of ‘g’ increases 
because in vacuum there will be no effect of buoyancy of air. 


Q.29. Why we start taking time period after it has completed 
some vibrations ? 

Ans. The first few vibr: 
vibrations. Thus the bob wilt 
these few vibrations. 

О. 30. What happens if the bob has rotatory motion along with 
the. translator y motion ? 

Ans. There will be twists in the thread due t 
which will affect the time period. 


Q.31. Why do the clocks go fast in winter and slow in 
summer ? 


‘ations ate supposed to be forced 
not have its free time period during 


О rotatory motion 


Q. 32. Why are the pendulums of good clocks made of Invar ? 


Ans. Because Invar (an alloy containing 6492 of iron and 
36% of nickel) has a very small coefficient of expansion. 

Q.33. What is Personal error? 

Ans. Th 


3 e stop clock 
correct time, thus B. sd may not be started or stopped at the 


period Ucing on error in noting down the time 
Q 34. What js an i 


naccessible pendulum ? 


_, Ans. It is that e; А TER 
es d Hag cannot be menta BR f suspension is so 


ЙЛ 1 
Dim hat type of graphs we get between (a) | and 1®, (b)! 


Ans. (a) Straight line, (5) Parabolic curve. 
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Q. 36. What is the principle underlying measurement of time ? 

Ans. In principle any process which repeats itself after regu- 
lar intervals of time can be used for measuring tir e. 

Q.37. Upon what factor does the pulse rate of a human being 
depend ? 

Ans. Pulse rate depends upon the mental and physical condi- 
tions and it varies from one individual to another. 

.38. How could pulse rate be used for measuring time ? Is it 
reliable method ? 

Ans. By calibrating one’s own pulse beat. Since pulse rate 
varies from one individual to other and it depends upon the mental 
and physical conditions so as such a lot of subjectivity creeps into 
the measurement. ` 

Hence it is not a reliable method. 

Experiment 17 : 

To study the conservation of energy ofa simple pendulum using 
ticker timer and a tape. 
Apparatus : 

A brick, laboratory clamp stand, four G-clamps, ticker tape 
time, strings, ticker tape, string of length 2 m, spring balance. 


Diagrams: 


LABORATORY — 
CLAMP STAND 


TICKER 


TIMER’ 
^. PAPER TAPE — e 


To ticker timer 
placed at the same 
level as the lowes 
surface of the brick. Fig. 17.1. 
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qu 


Fig. 17.2. 


Theory: 


(a) When a force moves a body, work is done on the body. 


(b) When work is done on a body by a force, either its kinetic 
energy or potential energy increases or both increase. 


(c) Total energy of a body in motion always remains constant 
if no external force acts on it though it may change from one form 
to another. 


Procedure : 


1. Take a laboratory stand and clamp it firmly bya G-clamp 
to the edge of a table. 


2. Makea heavy pendulum bob by tying a string to a brick. 
Hang it to the clamp stand as shown in Fig. 17.1. 


The more massive the Support the more successful is the experi- 
ment. A light support allows energy to leak away. So does a loose 
Support. Therefore, the pendulum cord should be firmly clamped at 
the top between two bits of metal or wood with their lower edges flush 
as shown in Fig. 17 2. 
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3. To avoid the toppling of the stand, reinforce the vertical 
той of the stand by tying its upper end with wires of soft iron to 
three G-clamps fixed on the edges of the table. 


4. Adjust the length of the string such that the total length 
of the pendulum (i.e., the length from the point of suspension to the 
centre of gravity of the heavy bob) is about 1:5 m. 


5. Tie another string or thread through the middle of the 
brick such that the line of the thread passes through the c.g. of thc 
brick. 


6. Put the timer at about the same level as the lower surface 
of the brick. Attach the tape of the timer to the brick. Pull the 
thread passing through the c.g. aside such that the dip!acement of 
the brick is not more than 10° from the vertical. Hoid the string 
there. The tape of the timer should also be taut. 


7. Start the timer and let the thread go. As the brick moves 
to the other end, it pulls the tape through the timer and makes a 
record of the position of the brick at successive time intervals. 
When the brick reaches the far end switch off the timer. 


On the record of the tape the extreme positions of the pendu- 
lum bob (brick) are represented by the two extreme dots on the 
tape. The central position of the pendulum is represented by the 
centre of the two extreme dots. Moreover, another check ofthe 
point on the tape corresponding to the central position of the 
pendulum is that at equal distances on either side of the central 
point, spacing among adjacent dots is equal. 


8. Measure the displacements of the pendulum from the 
central point to 12 or so selected dots. 
9. Also find the tíme when each of the selected dot was made, 
by counting dots from the central point. 
10. Draw a graph of the displacement of the brick against 
time. 
11. Find the mass of the brick with a spring balance. 
h to find the velocity of the pendulum at 4 or 
5 12. P M central position and 4 or 5 points on the 
PE NOS calculate the kinetic energy (K.E.) at these points. 
K.E. of the pendulum versus its posi- 
91 lota graph of the A ie aU s 
tion." Find out the point at which it is minimum. 
14. The potential energy (P.E.) of the pendulum, at these 


: 3 s calculated, can also be computed by 
MEME ECTS which the brick is lifted above the 
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central position. The P.E. at the central position is taken to be zero. 
The height can be found by a simple relation. 
If I is the length of the pendulum and o 
d its horizontal displacement from the 
central position, then, the height Л above 
the rest position (Fig. 17.3) is found as 
follows: OCx CE=AC x CB 


(I—h) xh=V dà — Ix / dà— h? 
Ih— à —d1—h* s. dh—d? 


or Ж 


(This holds as long аз d is small com- 
pared to l). 

.15. Draw a graph of P.E. versus 
position on the same graph on which K.E. : E 
versus position was drawn. Study the Fig. 17.3. 
change in P.E. and K.E. and see how do they compare. 

16. Find the sum of the K.E. and P.E. of the pendulum at the 
selected points. 

(If desired, the experiment can be made shorter by omitting 
the graphs for kinetic and potential energies. Instead total energy 
at the selected points may be calculated.) 

Observations and Calculations : 


d 


Zero error of the spring balance-.........g 
Mass of the brick 
Observed .........g Corrected - M—.. ......g 
Velocity 
Side | S. | Displace- | Time d y, К.Е. | Height | P.E: | KE. 
enden s Lao С deer mam (0) етен) HPC. 
n 


‘in 
enlre (d)inm | ins) jn mjs | (mls inm |inJ in J 


7 Emme! nc c LM 
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Result : 

The sum total of mechanical energy (K.E.+-P.E.) possessed by 
the simple pendulum at any point always remains constant within 
experimental error. Energy is neither being created or destroyed, it 
is being transformed from K.E. to P.E. and vice-vessa with exact 
equivalence. Any increase in K.E. is exactly equal to the decrease 
in P.E. and vice-versa. 


Precautions : 

1. The displacement of the brick should not exceed 5° to 10° 
in order that (i) formula for calculation ofhis valid and (ii) dis- 
tances of dots on tape from central point truly represent correspond- 
ing displacements of the brick from its central position. 

2. Length of the pendulum should be at least 1'5 cm. 


3. The support should be rigid and massive. 
4. Spinning of the bob (brick) must be avoided. 
5. There must not be energy losses due to light and loose 


support. 
ORAL QUESTIONS 


(Same as in Expt. 6). 


Experiment 18: 
To study the conservation of energy of a body falling freely using 


ticker time and tape. 
Apparatus : 


Ticker-timer, tape ; pulley or glass rod for paper tape to pass 
over it, an object of mass about 100 g (which can be easily suspen- 


ded by the tape with a sellotape). 


Theory : 
Same as in Expt. 17. 


Procedure : 

|. Clamp the ticker timer near the edge of the stool placed 
on the table so that the paper tape, after passing over the glass rod 
tor a glass tube or pulley) hangs vertically. The glass rod is used to 
reduce friction and save the tape from tearing. 

2. Hang the object with the tape using a sellotape (Fig. 18.1). 
Hold the spool of the tape In à horizontal axle clamped in a stand 
so that it feeds the tape into the timer without applying any signi- 
ficant drag while the body is falling freely. t 

.3. Hold the body at rest by pressing the tape on to the open 
portion of the ticker-timer by the thumb. Start the ticker-timer and 
release the tape. (It is advisible to сш off the appropriate lengih of 
rape from the reel before dropping the weight ) ! 


Fig. 18.1, 


4. Find the velocity of the ob 
the ground (i e. at a few Selected dots o 
which height of the object above ground can be measured on the 
tape). Consider an equal number 
and after the selected dot. The distance covered by the object bet- 
ween these (2n+1) dots, S, is equal to the length of the tape between 
first and last of. these dots. The time taken for moving the distance 
is equal to 2n times the period of the timer. Thus the velocity, V, 
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3 5 
of the object at the selected dot is nT where T is the time-period 


of the timer. 

5. Calculate the K.E. of the body at each height usi 
formula K.E.=4 m? where m is the mass of the VES ee 

Also calculate the P.E. at all these heights for which K.E. has 
been calculated by using the formula, P.E.—mgh where his the 
height of the object above the ground. 

6. Compare the K.E. with the P.E.at each dot. You may 
find that their sum is constant within experimental error. 


Notes : 

(i) Leave a few dots in the beginning of the motion, since 
they will be too close to each other and their analysis may be 
difficult. 

(i) After the body reaches the ground, mark a point on the 
tare below the vibrator ofthe timer. You need it for finding the 
height of the object above ground for various selected dots. But 
your last dot selected for finding the velocity of the body must be 


n dots before it. 


Observations and Calculations : 
Time period of the їїштег=.. seconds 
Height (h) Velocity 
Dot above V 5 К.Е. Ѕит= К.Е. (Ek) 
No. ground “TT | B= hav +P.E, (Ез) 
inm in ms! in J in J 
pe- eI SA d = 


Result : 
The sum total of K.E. and P.E. of the body falling freely 
under gravity is always found to be constant within experimental 
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error at any point during its fall. - Any increase in K.E. is exactly 
equal to the decrease in P.E. and vice-versa. 


Precautions : 


l. Clamp the ticker-time near the edge of the stool placed on 
the table properly so that the paper tape after passing over the glass 
rod hangs vertically. 


2. There should not be any drag on the paper tape as the 
body falls freely under gravity. 


Note. Results will not be very consistent because the accele- 
ration is large and there will be trouble due to friction. 


ORAL QUESTIONS 
(Same as in Expt.16). 
Experiment 19: 


To study the conservation of energy of a ball rolling down an 
inclined plane (using a double inclined track). 


Apparatus : 
Double inclined track, steel ball of about 2:5 cm diameter, two 


wooden blocks each about 2 ст high; two weights of 1 kg each ; 
spirit level. 


BALL 


BLOCK WOODEN 
BLOCK 


7 WEIGHT S 
Fig. 19.1. 
Theory : 


Same as in Experiment 17. 
Procedure : 


l. First adjust the table horizontal. : 
2. Keep the double inclined t i 
> B ack on the table and press its 
central wings with the hel: ЕР s (Fi p 
wooden blocks under he oie (s up о de 


DRM, е of each track” such that b 
inclined. The angle of inclination need not USC be cual Яр 
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[You can also use flexible curtain rail as shown in Fig. 14.2, 
as an alternative set up for this experiment]. 


3. Release the ball from any point, A, say 50 cm mark on the 
right track. Notice the mark c upto which the ball reaches on the 
left track. Find the vertical height AB of the 50 cm mark from the 


table. Also find the vertical height CD, the height to which the 
ball reaches on the left track. 


4. Repeat the experiment for various positions of starting 
point of the ball. 


Observations and Calcclations : 


Vertical Vertical 
Starting Reach of height of height of 
S No| Point A the ball on A above C above Difference 
on the the teft centre=AB centre=CD AB—CD 
right track track С (in cm) (in cm) 


Result : 


Since ABCD within experimental errors so the energy of the 
ball rolling down an inclined plane is always conserved. Energy is 
being transformed from P.E. to K.E. and vice-versa with exact 
equivalence. 

Precautions : 

Same as in Experiment 13. 

ORAL QUESTIONS 
(Same as in Expt.16). 
Experiment 20: 


To study the variation. in the range of a jet of water by varying 
the angle of projection. 
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Apparatus : 


Rubber or PVC pipe, a nozzle to obtain jet of water, arrange- 
ment for water under pressure from the tap or tank ; a measuring 
tape and a protractor. 


Note. A good venue for this experiment is-the garden at your 
school or home where the source of tap water and hose-pipe are 
available and you can throw a jet or water to various distances. 


Theory : 


A projectile may be defined as a body which after having been 
given an initial velocity is allowed to move under the action of 


— 
eS 
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ye 
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Fig. 20.1. 


gravity alone. Imagine а body projected upward with an initia] 
speed V, at an angle 0 to the horizontal (Fig. 20.1). Its path isa 
parabola. At the instant г, the x-coordinate is the horizontal range 
R. The maximum horizontal Tange is realized when 0—45?. 


Procedure : 


. l. Fix one end of Pipe toa tap. Att 
Pipe, fix the nozzle and obtain jet of Sos PR NO pL tie 


2. Put the pipe flat on the ground. Now raise the front 


portion of the pipe slightly so that the wat j 
n | er projects at an angle 
say 15° to the ground. Notice the range of the jet of water. 3 


3. Now increase the angle of project; » 
Note the range of water jet. eS ACE velar Кы 


4. Repeat the i inclinati T 
Ше н tine by js: c ment for four more inclinations—increas- 
5; 


Plot {һе variati R ERMD d 
of pipe. aration of range with the angle of inclination 


K 
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Observations and Calculations : 


Least count of the measuring їаре=......... 
S.N. Angle of pipe with the Range of water jet (R) 
250. ground (0) in degrees in metre 
1. 15 
2: 30 
3. 45 
4. 60 
| 
5. 70 
| | 
6 | 80 


M | 


The graph of angle of inclination (8) of the pipe against the 
range of water jet (R) is of the type as shown in Fig. 20.3 


Y. 


RANGE (RIN т —» 


ANGLE OF INCLINATI 
IN DEGREES 


Fig. 20.3. 


ON (6) — 3. 
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Result : 

The horizontal range of water jet increases with the increase in 
angle of inclination of the pipe with the ground, becomes maximum 
when the angle of inclination of the pipe with the ground is 45° and 
then starts decreasing as the angie of inclination of the pipe increases 
beyond 45°. The horizontal range is maximum when 0=45° 

The maximum horizontal 


Range (Rmag.)=......... m 


Precautions : 

1. Water under pressure is necessary to obtain a jet of water 
through a nozzle. 

2. First put the pipe flat on the ground and then raise the 
front portion of the pipe to get the desired angle of inclination of 
the pipe with the ground. 

URAL QUESTIONS 


Q. 1. What is a projectile ? 

Ans. A projectile may be defined as a body which after 
having been given an initial velocity is allowed to move under the 
action of gravity alone i.e., it is no longer being propelled by any 
fuel e.g., a javelin throw by an athlete, a bomb released from an 
aeroplane, a bullet shot from a rifle, etc. 

Q, 2. Name the path followed by a projectile. 

Ans. A parabola. 

Q 3. What is horizontal range of a projectile ? 

Ans. It is the horizontal distance covered by the projectile. 

4. Ifa man wants to hit a target, in what direction should 
he point his rifle ? 

Аюв. He should aim at a point higher than the target. 

Q 5. A Бие is dropped from the same height and at exactly 
the same time, another bullet is fired horizontally. Which one will 
hit the ground earlier ? 

Ans. Both the bullets will hit the ground at the same time. 
The horizontal velocity of the second bullet does not interfere with 
the vertical velocity produced by gravity. The two are quite inde- 
pendent of each other. Therefore, although the path of the second 


bullet is a parabola, yet the time taken by it to reach the ground 
will be the same as that of the first bullet. Е 


Experiment 21: 


To plot a graph between the distance of the knife edges from 
the centre of gravity and the time period of a bar pendulum. From 
the graph find 

` (a) the acceleration due to gravity at*......... 


*Name the place where the experiment is being conducted. 
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(b) the radius of gyration of the bar about an axis passing 
through the centre of gravity and perpendicular to its plane. 


Apparatus Required : 


The bar pendulum, knife-edge for suspending the pendulum, 
metre scale, spirit level and a stop-watch. 


Description of the Apparatus : 


A simple form of compound 
pendulum designed by D. Owen in LEVELLING 
1939 is shown in the accompanying SCREW 
figure 21.1. It consists of a metal- Z 
lic bar nearly a metre long, in which 
a series of circular holes of nearly 
5 mm, diameter are bored at equal 
distances (nearly 2 ст), along its 
length. With thei help of these KNIFE EDGE |° 
holes the Баг caniíbe suspended 
from а knife-edge and made to 
oscillate, The knife-edge is fixed 
ina platform supported on three 
Screws ; the hinder one of which is 
adjustable, thereby the platform can 

made horizontal. 
Formula Employed : 


PENDULUM 


The value of g сап be calcu- Fig. 21.1. 
lated from any of the following Bar pendulum. 
formula. 
4n? 
Y 1 
=F . (2k) (1) 


The minimum time-period To, and 2k (where k is the radius of 
gyration of the bar about an axis Passing through its centre of 
E and parallel to the axis of rotation) can be read from the 


graph. 
Also, g=4n? . Aus 402) 
where T=time-period 
I +ha=length of the equivalent simple pendulum. 
таа these quantities can be read off from the graph. 
fondi Пе radius of gyration can also be calculated from the 
k= Ah, lig 3) 
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graph be plotted taking the periods of oscillation as ordinates and 
corresponding distances of the axis of suspension from the C. G. of 
the bar as abscissae, a graph of the type shown below (Fig. 21.2) 
will be obtained : ү 


TIME FERIOD 


BAR CENTRE OF BAR 
E EAR 


Fig. 21.2. 
T—h graph for a compound pendulum. 

Now we know that the time-period T ofa compound pendu- 
lum is given by : 
pcs 

hg 
where h is the distance ofits centre of gravity from the point of 
suspension, and k is the radius of gyration about a parallel axis. 
passing through the centre of gravity. 

When the axis of suspension passes through the centre of 
gravity, the periodic time becomes infinitely great. If the axis is 
at an infinite distance the periodic time is again infinite. Conse- 
quently there must be some intermediate position for which the 
periodic time is a minimum. Now T will be a minimum when 
KEEN 

p is minimum. 
зра —hY-F2kh | ik—hy* 
But kaha _ (k—h?+2kh_ik—h a 
h h h 
This is clearly a minimum when k=h. 
Thus the minmum time-period 


+e 2k 
т-а AJ kg = 2 (0) 


From the graph, To=OP 
and ERR 2k—AB cen 


т=2т. NI 
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Now any line drawn parallel to the distance axis will cut, in 
general, the curve in four points suchas C, D, E and F which are 
Situated symmetrically about the time-axis. If T be the periodic 
time corresponding to these points, then 


T=2n a) tls 43) 
where T=0Q 


hy=QC=QF 
hg=QD=QE 
or hi+hz=CE=DF 
Again k=V hy; =V QC. QD 
=V ОЕ. QE - 


From (1) and (3) we can calculate the value of g, while from 
(2) and (4) we can obtain the value of k. 


[Note—An alternative method to find the mean value ofg 
and k is as follows : 


CER 
The equation T=2n у ae can be written as 


2 a 
ر‎ d pap et Ka 
g 8 


By plotting Т?Л against /*, = curve (straight line) as shown in 


Fig. 21.3. 
Fig. 21.3 is obtained The slope of this curve 
4n? 
[4 
Непсе Cu 


is given by 
tan 0= 


tan 6 


axis gives directly the valu Ч 
ео: 
сап Ъе evaluated. j Mire 


The intercept on the x- 
radius of gyration (k) 
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Procedure : 

(r) First of all make the knife-edge horizontal with the help 
of the levelling screw provided with the platform and test the 
horizontality with a spirit level. Suspend the pendulum about the 
knife-edge from the hole nearest one end. Displace the bar 
slightly and release it so that it begins to oscillate in а vertical 
plane. Note the time with a stop-watch for a known number of 
oscillations* and from this calculate the periodic time. 

(ii) In this way determine the periodic time of the bar when 
it is successively suspended} from the holes. 

(iii) Now with the help of a metre scale measure the distance. 
of the positions of the knife-edge from the C. G.* of the bar. Then 
plot a graph between the periodic times (T) and the corresponding 
distances (/) of the points of suspension from the C. G. of the bar. 

(iv) Join A and B (See Fig. 21.2). The line AB cuts the T- 
axis at P. The abscissa of P gives the position of the centre of 
gravity of the bar. Draw any line CDEF perpendicular to the T- 
axis and cutting the curve in four points C, D, E and F. Measure 
QC and QF (the mean of which gives һу), QD and QE (the mean of 
which gives h), and also OQ (which gives the corresponding 
periodic time T. Then from the formula (3) given above calculate 
the value of g. 

Again, with t 
calculate the value о 
Observatiois : 

Readings for the Measurement of h and Y 


he help of formulae (2) and (4) given above 
{ К, the radius of gyration Of the bar. 


Least count of the stop-watch=....----- Sec 
Distance of ч 
no, | Wem | No | mee | ра 
А А (5) Oscillations (T) 
k^ NU [uA s 
1 25 
B Il oes - 
25 


^ ilitate the counting. of oscillations correctly, place a pointer (or 
make 15 р on the wall behind the bar) coincident with the mean position of 


the pendulum. 4 А е аа үз, 
As the pendulum is made to osci om the holes which are near to the 
ES the Nine period increases, hence very few oscillations can be timed in 
these positions. When the bar is suspended from the central hole it may not 
even be set to vibration, Since its weight does not have any moment about the 
fulcrum which now passes through the centre of gravity of the bar. Р 


*Note the position of the C.G. by balancing the bar on a sharp wedge. 
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Calculations : 
From the graph 
(i) { QC— eee cm 


(ii) 2k=AB=. 
To=OP=...... 
g=4n? 

A cm/sec? 
(ti?) k= M h hy 

оо cm 
Also k=} АВ=......... cm 

Result : 


raph depicting the relation between the time- 
of a d DU and the distance (5) of the 
pension from the centre of gravity is attached herewith. 


(i) The radius of gyration of the bar about an axis through 
its centre of gravity and perpendicular to its plane—......... em 
(ii) The value of g at...... = .........cm/sec® 


Precautions and Sources of Error : 


1. Before starting the experiment make the knife-edge 
i P the pendulum oscillating i 


period (T) 
Point of sus- 


2. In the theoretical deduction of the formula it has been 
assumed tbat sin 0—0 where 6 is the angular deflection of the 
bar. Hence to satisfy this condition „the bar should not be dis- 
placed more than 5° from its mean position. 


3. To get very exact points on the cu 
the minimum Period, the time should be ob 


; xcept for points very 
close to the centre of gravity of the bar where, due to large time 
Periods, few oscillations can be timed. 


..4. Before taking observations sec that the pendulum is 
oscillating in the vertical plane only, and that all other irregular 
Motions, if any, have subsided. 
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5. The curves on the graph should be smoothly drawn. 

6. The manner of observing the oscillations is far from 
satisfactory ; secondly the time period has not been corrected for 
(i) finite arc of swing, (ii) air effects, (iii) curvature of knife-edge, 
and (iv) yielding of support, hence the result is not free from errors 
due to these causes. 


ORAL QUESTIONS 
(Also read Oral Questions in Expt.16) 


Q.1. What is a compound pendulum ? 

Ans. A compound pendulum is just a rigid body capable of 
oscillating freely about a horizontal axis passing through it. 

О. 2. If any rigid body can serve the purpose of a compound 
pendulum, then why this particuiar shape of your instrument (bar or 
metre scale) ? 

Ans. There is one serious disadvantage of a compound 
pendulum. Due to its vibration some air is dragged with it, thus 
increasing its effective mass and hence its moment of inertia. But 
it has been shown by Bessel that if it be of a form symmetrical 
about the centre of geometrical shape,* this error is automatically 
eliminated. This is one of the reasons of using a compound pendu- 
lum in the shape of a bar ora metre-scale. 

Secondly this bar or metre-scale has been provided with 
circular holes situated at equal distances on either side of its centre 
of gravity. By slipping any hole on to a horizontal knife edge, the 
bar can be made to oscillate about it in the vertical plane. Thus we 
can study the variation of the time period with the distance of the 
axis of rotation from the centre of gravity of the bar. 

Q. 3. Dues the time period vary ? How does it vary ? 

Aus. Yes. It does vary. The time-period of the pendulum 


is given by the formula 


Е 
Т= 27 Js +h 
g 


d i ration of the bar and A is the distance of 
"En rnb the centre of gravity of the bar. 
р А raph is plotted between T and 4, its nature is as 
Hae Thus da Ж 2. It is clear from the graph that there are two 
values of h on either side of the C.G. which give the same value of T, 


Q. 4. Explain what will happen if the pendulum is made to 


4 its C.G.? : 
oscillate about its i mula for T if we put 4—0 (since the axis of 
Ans In the for С.б), the time-period assumes an 


Totati ses through the ҮҮ eG i 
tion passes i» mind that the centre of geometrical shape of a 


۰ uld bear 1 a » 
body Hs the same thing as its centre of gravity 
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infini . This can also be visualized from the fact that under 
Eck the weight of the pendulum has no component 
about the fulcrum, hence it cannot be set into vibration, or, which 
is the same thing the time-period becomes infinite. 


Q. 5. So, according to ou, there are two points on either side 
of the С С. about which the periods are equal. Name and de e 
these points. 


Ans. One point is known as the centre of suspension, which 
can be defined as that point at which the axis of rotation (or the 
fulcrum) intersects the plane of oscillation of the pendulum. 


The second point, known as the centre of oscillation, is a point 
situated on the other side of the C.G. and lying on the li 


ne joining 
the point of oscillation to the C.G. and distant E from it (the 
C.G.). 


Q: 6. Now tell me one thing. When g can be determined with 


a simple pendulum, what is the advantage of using @ compound 
pendulum ? 


Ans. There are several reasons for this : 


(i) Whereas a simple pendulum is just an ideal conception, 
not realisable in actual practice in the case of a comround pendulum 
the length of an equivalent simple pendulum and hence the value of 
g can be easily and accurately determined. 


(ii) The compound pendulum vibrates as a whole, there being 
no lag between the bob and the string. 


(iii) In the case of a co 
measured is clearly defined and hence can be casil 
measured, whereas in thé case of a simple pendulum, the Point of 
suspension and the C.G. of the bob are both, more or less indefinite 
points, and hence its true length can hardly 
accurately determined. 


pendulum. 


(у) In the case of a sim 
slackens at the extremity of its v 
lum being a rigid body, 


ple pendulum, 
ibration, but th 
no such thing happens o 
Q. 7. So if means that this 


7 is ап ideal pendulum ahd there 
аге no sources of error in your experiment. 1s it not 2 


the. string slightly 
€ compound pendu- 
n this case. 
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Ans. No, this is not the meaning of the statement.. There 
ате several sources of error in this experiment. 


Q. 8. What are they? 


Ans. (i) Finite Amplitude of Swing. The expression for 
the time-period has been obtained on the assumption that the angular 
displacement of the pendulum is vanishingly small. This isfar 
from truth in actual practice. 


(ii) Air Effects. The presence of air in the medium in which 
the pendulum swings affects its vibrations in three ways : 


Firstly, due to the buoyancy of the air there is a slight decrease 
in the weight of the pendulum, thereby affecting the time-period. 


Secondly, some air is dragged alongwith the pendulum. This 
increases the effective mass of the pendulum, thereby increasing its 
moment of inertia. 


Thirdiy, due to the viscosity of the medium, the motion of the 
pendulum is resisted. Consequently its time-period is affected, 


(iii) Non-rigidity of the support. Due to а force being 
applied by the vibrating pendulum, the support may yield. This 
Will Obviously affect the time-period of the pendulum. 


(iv) Curvature of the knife edge. If the knife edge is not 
quite sharp but rounded, an error is introduced in the time-period, 


( Change of temperature during experiment. This 
results in а corresponding change in the length of the pendulum, 
and hence in its time-period, 


Q.9. It means that due to the presence of these sources of 
error, the value of g cannot be accurately determined. Is it right? 


Ans. No, this is not exactly so. The corrections due to 
these causes have been theoretically studied and mathematical 
formulae have been deduced for the same. By applying these 
‘corrections accurate value of g can be obtained. 


Q. 10. All right. How will you find the value o 
these observations ? : f g from 


_,. Ans. I will draw a graph between T and h (Fig. 21.2) and 
shall get two curves of this type. Then I shall draw a horizontal 
line CDQEF. From this I shall read h (—QC or QF) and ^ 
JGRQD or QE). Noting the corresponding time-period T, I shall 
get the value of g with the help of the formula. i 


Ф: 11. Is there any other way оў calculati, 
graph? У calculating g with this 
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Ans. Yes. If we note the minimum time period T,, then 
g— Нен Ор where iS - tlie distance between the two minima 
Té 
points. lying on the two branches of the curve. 
Q. 12. Can you get a straight line graph with these readings ? 
Ans. Yes. The formula for the compound pendulum is 


2 
Jr E ТАВ ер 


which is of the form y=mx+c: Thus by drawing a graph between 
Т?Л and А2, we get a straight line (Fig. 21.3). 


Q. 13. Can you get the value of g and k from this graph? 

Ans. Yes. The slope 0 of the Straight line is given by 
tan (j From this g can be calculated. Again, the intercept of 
this line on the x-axis gives k? and hence К. 


Q. 14. Explain in a simple manner what do you understand 
from the expression “Moment of Inertia of a body” 1 


Ans. Every body maintains or tends to maintain its state of 
Test or of uniform motion in a straight line. If we wish to change 
this state, the body offers a kind of passive resistance to the agent 
moving it. This passive resistance or inertness of bodies is called 
Inertia and is proportional to the mass ofthe body. This is the 
case ofa translational motion. In the case of a Totatory motion, 
however, the resistance offered by a body does not depend simply 
Onits mass. The sluggishness of a rotating body is called rotational 
inertia or moment of inertia. Unlike the simple inertia of a body 
undergoing a motion of translation, the rotational inertia depends 
upon the total mass of the body and the distances of various por- 
tions of the body from the axis about which the body rotates. 


. Thus, in rotatory motion the quantity known as moment of 
inertia plays the same role as mass does in а translatory motion. : 


О. 15. How is the moment of inertia mathemaiically ex- 
pressed? 


Ans. If'm'is the mass of the Particle whose distance rrom 
the axis of rctation is r, then moment of inertia of the rarticte is 
Measured by the quantity mr?. Hence the moment of inertia of 
the whole body is expressed by Emr?, 
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Q. 16. What is the significance of the i 
in the expression È тг ? 4 yer a 

Ans. The symbol = (sigma) stands for sum i 
quantities. If the particles constituting the body have MES ed 
Ms, т.т and their corresponding distances from the axis of 
rotation be ri, rz, Farm, then the moment of inertia of the body is 
equal to the sum of the moments of inertia of the constituent 
particles, that is 

I=mr - msrs3 4... ... mar am 
which can be (abbreviated as) 
= mr? 

Q. 17. What is the significance of the words “Moment of 
Inertia” ? 

Р Ans. А rigid body is set rotating by a ‘torque’ which is 
simply “the moment of a couple". The body, іп its turn, offers a 
passive resistance which is known as the ‘Inertial reaction’ of the 
body. This should also be a torque, since only a couple can 
counteract a couple. It is for this reason that this inertial reaction 
is designated as ‘Moment of Inertia’. 

Q. 18. Can you give a clear cut definition of Moment of 
Inertia ? 

Aus. Yes. The moment of Inertia of a body about an axis 
is the sum of the products mr? taken for all the particles composing 
the body, where m is the mass of a particle, and r is its distance 
from the axis concerned. 


Q. 19. Is there any other way of defining moment of Inertia? 


Ans. Yes. There is another way. If I be the moment of 


0 
Inertia and Tt bethe angular acceleration. of the body, then the 


deflecting couple *C' is given by 
dO 3 
C-I. di from which we get the definition. 
“The moment of Inertia ofa body about an axis i 
the moment of the couple required to produce A Rea 
acceleration in the body about the axis of rotation". 


Q. 20. The moment of Inertia in rotational motion is the 
counterpart of mass in translational motion. Now since the mass *m' 
is constant, so the moment of inertia ‘I’ should also be a constant 
quantity. 15 it not so ? Give one example. 

Ans. No; it is not the case. The moment of inerti 

jeu 8 e. of inertia of a 
body is dependent on the manner in which the is distri 
с | mass 
about the axis of rotation. s vi pui 
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For instance, the moment of inertia of a cylinder about its 
own axis is $Mr?, while the moment of inertia of the same-cylinder 
about an axis passing through its middle-point and perpendicular to 


d ae n г? 
its axis is М [5 +=] 
9. 21. When will the moment of Inertia of a body Бе mini- 
mum 
Aus. The moment ot inertia of a body will have a minimum 
value when it rotates about an axis which passes through its centre 
or вату and which is normal to the smallest cross-section of the 
оду. 
Q. 22. What do you mean by the term, “radius of gyration” ? 


Ans. It is defined as the distance from the given axis of 
rotation to the point where the mass of the body may be supposed 
to be concentrated so that it has the same moment of inertia as it 
Possesses about the given axis. 


For instance, if the moment of inertia of the body be expressed 


in the form MK? where M is the mass of the body, then K is known 
as the radius of gyration. 


Q 23. What is the radius of gyration of the regular body 

(Disc) ? 

1 Ans. The disc is rotating about a normal axis passing through 

its centre. Under this circumstances, its moment of inertia is equal 
Mr? a. Н TIPS PNIS 

to 72-80 that the radius of gyration of this disc is Vr 


Experiment 22 : 


To find acceleration due to gravity wi Ili 
$ gravity with the help of a ball rolling 
ш inclined plane and by applying the correction for rotatory 


Apparatus : 


Double inclined 
wooden blocks (2 cm 
and clean cotton cloth. 


track, steel ball of about 2:5 cm diameter, 
high), 2 weights of 1 kg each, stop-watch 


Theory : 
If the motion of a body involves tr. i i 
; X anslation as well as rotation 
then the sum of its potential energy, kinetic energy of translation 


and kinetic energy of rotation is i i 
1 co 
lost in overcoming friction. U vie 


The acceleration of a body rolling down an inclined plane is 


less than g sin 6, as its P.E. is co i i 
and partly into translational KE Td pends NoD RE 


MEN DOUBLE 
L^ NCLINEB 


TRACK 


A 


l 

! 
WOODEN 1 
BLOCK 4 


B 


WEIGHTS 
Fig. 22.1. 


Procedure : 

1. Put the inclined track on a table and.keep the weights of 
1 kg on the wings on either side of the middle of the track. Insert 
the wooden blocks under the ends of each track to incline the tracks 
(Fig. 22.1). 

Release the steel ball from, say 50 cm mark on the left track 
and notice the mark upto which it reaches on the right track. Now 
release the ball from the same mark (50 cm) from the right track 
and notice the mark upto which it reaches the left track. If the 
inclinations of both the tracks to horizontal is same then the ball 
would rise to the same mark on both tracks on releasing. Suppose 
the ball rises to smaller length on the right track in the former trial, 
it indicates that the inclination of the left track is less than that of 
the right track. If this is the case then push the block under the 
left track a little towards the centre. Repeat the above procedure 
till the inclination of both the tracks to horizontal is the same. 

[ ‘While rolling, if the ball wobbles laterally during its journey 
from one track to the other, adjust the weights in the centre of the 
track laterally till there is no wobbling. The wobbling happens 
if the ball has to bend slightly to left or to right while moving from 
one track to the other, in the centre of the tracks, i.e., if the two 
tracks are not in the same vertical plane. 

: 2. Now hold the ball near the end on one of the arms. Note 
the distance dj from the centre at which you will release the ball. 
Then release it and simultaneously start the stop-watch. As the 
ball moves to and fro, note the successive distances dı, da, day... 
from the centre upto which it ascends (after each complete oscilla- 
tion) on the arm on which it started. Also keep a-count of the 
tumber of oscillations that the ball has made. After say, 4 
oscillations of the ball, when you note the last distance d, upto 
ш the ball ascends; y simultaneously stop the watch. The last 
stance of ascent sho not be less than i 
distance. an 2/3 of the starting 

3. In the first oscillation, the ball makes two upward and two 

downward journeys and moves a total distance 2 (d,+d,) as 
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explained in Fig. (22.1). Therefore, in 4 oscillations, the ball has 
made 8 upward and 8 downward journeys, i.e, a total of 16 journeys. 
Find the mean distance, d, moved by the ball in one journey, which 
is (in case of 4 oscillations) 


а——(%+24+24@+2а,+4. 
= HM Ide dd da) 


4. Findthe mean time, T, taken by the ball for one journey 
up or down the track by dividing the total time by the total number 
of journeys i e., 16. Then calculate, a, the acceleration of the ball 
along the track : 


2d 
ap 
5. Repeatthe experiment ten times. In each case, find the 
acceleration. Then find the mean of the several values so obtained. 
6. Ifr be the radius of the ball and & is its radius of gyration 
then acceleration is given by the relation 


ee 2783 a 
arr g sin 0 


‚Пиз acceleration is less than g sin 0, the acceleraticn of a 
frictionless trolley moving down an inclined plane having same 
angle of inclination. It is due to the fact that the work done by the 
component of gravitational force along the direction of motion is 
Partly converted into kinetic energy of translatory motion and 
Partly into kinetic ‘energy of rotatory motion of the ball. 

For a solid Sphere, K3—0'4 г% 


Therefore, g^ tr _ 14а 
PO £— Hi sind. sim 
7. 10 determine the inclination sin 0, mark two.points. A and 
C on the two arms (Fig 22.1). Measure vertical heights AB and 
CD. Also measure distances of A and C from the centre, where 


height is zero. Find the two inclinations 28. апа E with res- 
pect to the table and find their mean. If the table is not horizontal, 
this mean value gives the correct inclination. of each arm of the 
apparatus with respect to the horizontal plane. 
Since the heights AB and CD are quite small in this expeti- 
ment, the best way to measure them is as follows : m 
Take a metallic block. Without disturbing thi i 
make the two arms inclined, find by tri p eii pa 
penie Ше 7 below each arm. itions + 
ock give the lines AB and CD. AO and-CO are then 
measured by markings on the inclined tracks. AB and CD are 
Sou о aie o He quies block which may be measured bya 
1 ‚ Sind several pairs of i i 
blocks of different heights and find their Via eo 


121 
Observations and Calculations : 


Distance of ascent on the arm 


S. No. Number of oscillations on which it started 
completed by ball (cm) 
1, 0 d= 
2; 1 a 
3 2 а= 
4. 3 а= 
5. Que die 
Total time for 4 oscillations=t=......... sec 
Mean time for one oscillation 
t 
=Т= 167 secet ese sec 
Mean length of a single motion 
cy (do+-2dy+2ds+2dy+ds) 
8 
Lene cm 
Acceleration of the ball 
=q= а. " cms ? 


Distance of 
Height of | upper edge Mean Inclination to 
$ No. the block | from centre | Inclination | Inclination horizontal 
(em) (em) sin 0 
Inclination of left arm 


Inclination of right arm 
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Mean Inclination to the horizontal 


Result : 
Acceleration due to gravity 
CES e T a 


Precautions : 


1. The track must be clean. Only then it will te possible to 

" obtain 4 or 5 oscillations of the ball with the condition that the last 

distance of ascent is not less than about 2/3 of the starting distance. 

If the last distance of ascent is too small, the approximations in- 

volved in calculating mean time and mean length of one motion are 
not valid. 


Use a small cotton swab moistened in an . organic solvent (e.g., 
carbon tetrachloride) for cleaning it. 

2. The inclination of both the tracks to the horizontal is 
required to be the same. 


3. The ball should not wobble laterally as it moves from one 
track to the other. 


ORAL QUESTIONS 


(Same as in Expt16 and Expt. 21). 
Experiment 23 : 


fime Ve pol 5d acceleration of a freely falling body using a ticker 
Apparatus : 


Ticker tape, timer, glass rod or tube or pulley for paper tape 
to pass over it, „ап object of mass about 160 g of iron (or brass) 
which can be easily suspended by the tap. 
Theory : 


CG „eey moves vertically down with the same accele- 
Tation irrespective of its size SP i 


known as acceleration due to pray, 841 i 
laboratory sat gravity, is uniform for experiments on 
Procedure : 

1. Set u 


ticker timer and release the body t 
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2. Select 4 to 5 dots on a tape, roughly equally spaced in 
time, and find the velocity of the body at each of them as explained 
in Experiment 18. Also find the time at which the body reached 
each of these dots, taking the origin of time at the first of these. 

3. Plot a velocity-time graph for the motion of the body. 

4. Find the slope of the graph to determine its acceleration. 
Observations and Calculations : 

Time period of the timer=------ sec 
locity V= == 
S. No. of dot selected Time when the body Merce yale 2nT 
reached the selected dot (in ms!) 


OE 


NER US UN VON eee eee ee 


dV 
Slop of the graph= т 


<—> 


T— X 
Fig. 231. 
Result : 
The acceleration of the given freely falling body=......me7? 
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Precautions : 


Leave a few dots in the beginning of the motion since they 


1. 
would be too close together and their analysis may be difficult. 


. 2. Notice the dot just before the object hits the ground. 
Discard the dots if any marked on the tape after the object touches 
the ground. 


3. Clamp the ticker-timer near the edge of the table properly 
о! that the paper tape after passing over the glass rod hangs verti- 
y. 


4. There should not be any dragon the paper tape as the 
body falls freely under gravity. 


ORAL QUESTIONS 
(Same as in Experiment 6) 
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SECTION E 
Experiment 24 : 


To study a Fortin’s barometer and to measure the atmospheric pressure 
at a room temperature at a place. 


Apparatus : 
(1) Fortin's barometer (2) A thermometer (3) Plumb line. 
Theory : 


(i) Pressure - H, dg dynes/cm? where 

H, = corrected barometric height 

а = density of mercury 713.6 gm/cm? 
and £ — Acceleration due to gravity. 


LONG GLASS 
VACUUM TUBE 


VERNIER SCREW 


BASE 


VERNIER SCALE MAIN SCALE 


PLUMB LINE THERMOMETER 


METAL COVER 


RESERVOIR IVORY POINTER 


MERCURY 
CHAMOIS 
LEATHER BAG 
SCREW 
HOLE 


Fig 241. Fortin's Barometer 
(ii) Ho = H, (1—(Y.— a)i] 
where Н, = Barometer reading at (С. 
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H, = Barometer height i.e., the height of mercury 
column giving the atmospheric pressure at 0°C. 

о = Coefficient of linear expansion of the material of 

main scale. 
Yr= Coefficient of real cubical expansion of mercury. 
t= Room temperature 
Now © = 0.000018 for brass 
Yr= 0.00018 for Mercury 
Н = H, [1—0.000162t] 
Procedure : 


(i) Find the vernier constant of the vernier. 


(ii) Adjust the base till th 


€ points K and N of the plumb line are just in 
the same vertical line. 


(iii) Adjust the screw ‘S’ by raising or lowering it till the surface of the 
mercury in the reservoir is just touching the. tip of the ivory-pointer P as 
Shown in fig. 24.2. 


Е atio ca 


" M M 


(CORRECT) (WRONG) (WRONG) 


Fig. 24-2, 
viewing the reflection of the point P at the 


Examine the coincidence by 
mercury surface. 


(v) Take the main scale reading and the vernier reading and repeat the 


observation a number of times, The mean gives the atmospheric pressure 
in terms of the height of the mercury column at the room temperature, 


EY 


(WRONG) 
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(vi) Note the room temperature with the help of the thermometer fitted with 
the barometer tube. Apply the correction and find the value of H, i.e. the 
barometer height at 0°C. 

Observations and Calculations : 
No. of divisions per cm on the Main Scale=m=......... 


No of divisions on the vernier scale=n=....-.--. 
.. Vernier соймат{= zx DM. cm 
m n 
(a) Atmospberic Pressure 


Room temperature (t)=......°C 


Fortin's Barometer Reading 
H,—Height of Hg 
column at t^C 


Main Scale |Vernier division) Vernier =(1)+(2) in cm 
S. No. | Reading coinciding Value 
(1) ст (I) in cm 


2. 
3. 
4. 
EC ee МЫР" ADEE Al ЕСТ ЕЕ ЈАР Т1 СЧЕТУ 
Mean Height He of Mercury column=..... ...cm 
Now Ho=H: [1—0°000162 r]—- 
.'. Atmospheric Pressure at 0?C—P,—H, dg=......... dvnes/cm? 
Result : 
Atmospheric Pressure is 
= -ст of Hg column at 0°C 
...dynes/cm? at 0°C 
ARTON ‘Place of exrerimeia) 
Precautions : оп.........' Date of experiment: 


| The barometer tube must be vertical. 


2. The surface of the mercury іп the bag shculd jrst t 
tip of the pointer in the bag. Jst t: uch the 
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3. The lower edge of the vernier scale should just appear to 
touch the upper-most portion of the mercury surface. 


4. The eye must be at the same level as the vernier scale. 
Sources of Error 

1. The space above mercury is not complete vacuum but 
contains vapours of mercury which exert a very small pressure. 


2. Any change in the room temperature changes the density of 
mercury which in turn affects the observation. 


Exercise 


Q.1. To find the height of the water barometer in the 
laboratory ? 
Hint : Height of the water barometer—HoX 13'6 cm 


ORAL QUESTIONS 


Q. 1. What is Atmospheric Pressure ? 

Ans. The air has its own weight and so exerts a pressure. The 
amount of this force per unit area exerted by the atmosphere is 
called the Atmospheric Pressure. It is measured in terms of mercury 
column that this pressure can support. Normal atmospheric pressure 
is 76 cm of Hg. 


Q. 2. What is the unit of Pressure ? 


Ans. Its unit is dynes/cm? in C.G.S. system and newton/metre® 
in the S.I. system. 


Q. 3. Why is the atmospheric pressure expressed in terms of 
length ? 


Ans. As the pressure—h d g and as ‘d’ and ‘g’ are constant, 
therefore, pressure cc л. The height is, therefore, taken as a con- 
venient measure. 


О. 4. Why do you use mercury ina barometer? Can we use 
water ? 
Ans. We use mercury because itis the heaviest liquid and 
henee the length of the barometer is conveniently small, about 
cm. 
We can use water also but since mercury is 13°6 times heavier 
than water, the height of water barometer will be 76X13°6= 10'3 m 
approximately which will be very cumbersome. Besides this, mer- 
cury exerts very small vapour pressure. 


Q 5 Why should the surface of the mercury be adjusted to touch. 
“Ivory Point” in a Fortin's Barometer ? 


Ans: Ivory point represents the zero of the vertical main scale 


and the:surface of mercury has to be adjusted to zero level to teke 
the correct reading. 
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Q. 6. Is the pressure the same in every direction ? 

Ans. Yes : the pressure in different directions at the same level 
їз the same. ў 

О. 7. State РаѕсаГѕ Law. 

. Ans. Pressure applied anywhere on a confined liquid is trans- 
mitted equally in all directions. 

Q. 8. If the Barometer iube were wider, will there be any change 
in the height of mercury column ? 

Ans. No; the shape of the tube has no effect upon the vertical 
height of the mercury column supported in the tube. 

.9. Ifthe Barometer tube were inclined, will there be any 
change in the height of mercury column ? 

Ans. It isthe vertical height of mercury column which: is a 
measure of atmospheric pressure. lf the tube is inclined a little, the 
space above the free sutface of mercury decreases, but its vertical 
height remains the same. 

Q.10. Do you know any barometer which does not contain 
liquid ? 
Ans. Yes; Aneroid Barometer—a more convenient and por- 
table form of barometer whose reading is not aflected by any change 
in position. 

. 11. Which barometer will you carry in an aeroplane to know 
its height and why ? г 

Ans. Aneroid Barometer. Тһе Aneroid Barometer when used 
to find height attained by an acroplance is known as Altimeter. 

It is very compact and portable and is very sensitive to changes 
in atmospheric pressure. | 

Q. 12. How do you forecast weather changes with a barometer ? 

Ans. (i) A falling barometer indicates the coming of rain and 
storm because the moist air is lighter than dry air, its density being 
0 52. times as much as that of air. 

(ii) a steady barometer indicates settled weather, and 

(iii) a rising barometer indicates fair and dry weather. 

Q. 13. What do you understand by the statement that the atmos- 
Phere pressure is 76 cm of mercury us È | ; 

is the pressure exerted by a column of mercury 76 cm 
in кеи at O°C at ABSA and at latitude 45*. This is ооа as 
the pressure of one atmosphere and is taken to be the standard for 


comparison. 
d atmospheric pressure 
[ NS QS =76 X 13°6X981 dynes/cm? 
or 
Ш spheric ==1:013 х 10° dynes/cm? 
ES ees = 1013 10° N/m? 
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Q. 14. Does the atmospheric pressure change as one moves up in 
the atmosphere ? If so, in what manner ? 

Ans. As we go higher into the atmosphere. the pressure de- 
creases For some altitudes, the fall in the atmospheric pressure is 
about 0725 cm for every 270 metres ascent Thus a barometer, 
which reads 75 cm at sea level will read 74°75 cm at 270 m above 
sea level. After a few hundred metres, however, the fallin pressure 
is not regular 


Q. 15. What will happen if a hole is drilled at the top of the 
barometer tube. 

Ans. Mercury column will not stay in the barometer tube 
Experiment 25. s 

To measure atmospheric pressure and.study the variation of 


volume of a sample of air with its pressure at constant temperature. 
Also use the study to find the atmospheric pressure. 


OR 
To verify Boyle's Law for a gas ánd.use it to find the atmospheric 
pressure. i 
Apparatus : 


Boyle's Law apparatus, Fortin's Barometer, Thermometer 
plumb line and Set squares. 


Theory : 


According to Boyle's Law, “Temperature remaining constant, 


Ше pressure of a given mass of a gas is inversely proportional to its 
volume", 


1 
Po—, 


or PV=constant (provided the temperature T is constant) ; 


so if a graph is drawn between P and У, it will be found to be a’ 


rectangular hyperbola because PV==constt. is the equation for it but 
1 


` the graph between P and Vv will be a straight line. 


But V=a l where / is the length of the air column and ‘a’ is 
the area of cross-section of the tube. 


P a./=constt. 


As ‘a’ is constt ; therefore, P/=constt. 
or P,4—P,,— P,l,— ......—constt. 
1 
or Po Nr 


-. Graph between P and i will be a straight line. 
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ШЇ 


шүн 


A 
ии 


Fig. 25.1 Boyle's Law Apparatus 


Procedure : 


l. Find the vernier constant of Fortin's Barometer. With the 
help of the screw provided at the bottom end of the bar » 
adjust the mercury level in the cistern till the mercury. level touches 
the ivory head in the cistern. Hold cye in front of the mercury level 
in the tube. Slide the vernier till zero of the vernier just tonches 
the mercury level. Read the mercury level on the’ scale. It gives the 
atmospheric pressure (H). 


2. Note the room temperature by the thermometer provided 
by the barometer. If not provided, use another therntoniet. 
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3. Set the Boyle's Law apparatus vertical with the help -of a 
plumb line and levelling screws. Make sure that the reservoir B can 
be raised or lowered freely along the vertical board. 


4. Slide the reservoir B along the vertical scale so that the 
mercury stands almost at the same level in both the tubes and it is 
nearly in the middle of the tube A. 


5. Take the reading at the top end M3Z 
of the closed tube at M with the help of 
a set square setting one of its edges N- 
parallel to the vertical scale and the other, 
tangential to the curved surface. Take an- 
other reading of the closed tube atthe CLOSED 
point N (Fig 252) where the curvature TUBE A 
just ends, Find the difference MN and 
calculate the correct reading of the top of 
the closed tube A by subtracting} MN MERCURY 
from the reading at M. Also take the 
reading of the mercury level in the tube 
A. The difference between the two read- 
ings gives the effective length of the air 
column (/) which is proportional to the 
volume of the air enclosed. Thus find out 
the volume ‘V’ in each observation as ex- Fig. 252. 
plained above, 


6. Raise the reservoir B till the level of mercury in B 
becomes hieher than that in A. Note the reading of the upper 
meniscus of mercury in both the tubes and find the difference 
between the two readings. Let it be ‘h’. In this: case the pressure 
of the enclosed air in the closed tube A is higher than atmospheric 
pressure Н i.e., (H+/) and hence ‘k is taken to be positive. 


Take two more observations by changing the position of the 


eom В such that the level of mercury in B remains higher than 


Now lower the reservoir such that the level of mercury in B is i 


lower than that in A Again note the readin 
] : ling of the mercury levels 

n Boni the tubes A and B as before. Take the difference aid let it 
| n In this case the pressure of the enclosed air in the tübe A 
4s lower than the atmospheric pressure H i.e., (Н—/) and hence: ‘h’ 
: ‹ three ob i i 
level. of mercury in the tube B lower than ‘tliat ША, ee a 

Thus in all take six observations, 

7. Take the barometer readin i 

‚^ th & again at the end of the 
experi 5 à ‹ 
с ied Alsó note the room temperature at the end of the 
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8. Multiply the pressure P=(H+4A) of the gas with its res- 
pective volume ‘V’ and show that the product PV —constant in each 
case and hence the Boyle's Law is verified. · 


9. Plot a graph between P and V, taking P along X-axis and 
‘V’ along Y-axis which will be a parabola (Fig. 25.4). 


Find E for different observations and draw a$graph between 
Pand which is a straight line (Fig. 25.3). 


Scale 
X-axis = 1 Small Division = 0.5 cm А 
Y-axis = 1 Small Division = 0.0005 (em) 


о Р (in cm of Нд)» * 
Fig.:2533. 


se 


Scato 
X- axis : 1 Small Division = ..... em of Hg 
Y,- axis : 1 Small Division = ..... em? 


V (in cm? )-» 


P (in cm of Hg) -> 
Fig. 2514. 


Observations and Calculations 


Room temperature at the beginning of 
the experiment=......°C 
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Room temperature at the end of the 


ехрегітепі=...... °C 
Barometer reading in the beginning= Hi=-......cm of Hg 
Barometer reading at the end =H,=--...cm of Hg 
Mean barometric reading =H= Н+, 


Reading at the top end “М” of the closed tube 


==х==..... cm 
Reading at the point ‘N’ where the curvature ends 

Lyle cm 
Difference —MN-(x-y) [Pe cm 


Correction to be applied— —4 MN 
-—4 (x—y)--- cm 


Correct reading at the top end 
M=x—4(x—y)=/= A eH cm 


Reading at the levels of| Volume of 
mercury i 1 
ЖЫЗ Difference : £d I | Pressure of. 
No. of 1 —I—II Mer 
4 e Ih Mem y | gas 


P=H+h 
(cm of Hg) 
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Atmospheric Pressure : 


(a) Graphically ; 
Produce the straight line 
obtained from the graph bet- 
ween difference ‘h’ in the mer- 
cury levels of the two tubes A 
h 


and B (Fig 25.1) and 4, so as 


O 

to meet the Y-axis at ‘C’ asin ITAS X 
Fig.25.5. Note the readings | v. 
ofthe pressure OC at this 
point which is atmospheric (еј 
pressure. 
Theory : Ye 

(H+h) V=K (constt.) Fig. 25:5. 

or H+= 6 


But at C, i-o or (H+h)=0 


a peer 


(b) Mathematically : 


The atmospheric pressure ‘H’ can easily be determined from 
any two different observations. For differences of mercury levels 
‘hy’ and ‘hy let the corresponding gas volumes be V, and Vs. Then 
from the relation. 

(Hh) Vı=(H+h2) Va; H can be calculated. The most 
important precaution for this experiment is that V, and V, should 
differ by at least 3 cm. The smaller the difference, the greater the 


percentage error. 


Result : 
(i) Within the limits of experimental errors, the products PV 
are seen to be constant. This is Boyle's Law. 


(ii) The graph between P and V is found to be a rectangular 
hyperbola and the graph between P and Y is a straight line. These 
two graphs also demonstrate the verification of Boyle's Law. 

(iii) The atmospheric pressure on......(date) at......(time) and 
аі C=... cm of Hg (By graph) 
=......cm of Hg (By calculation) 
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Precautions : 
1. The apparatus should be vertical, 


2. The mercury should be clean and should not stick to the 
sides of the tubes. 


3. The position of the upper end of the tube A should remain 
fixed during the experiment. г 


4. Upper meniscus of the mercury should be read keeping 
the eye in level with it. 


5. The mass of the gas in the tube A should not be changed 
during the experiment. 


6. The reservoir should be raised or lowered very slowly and 
gently and wait before taking each reading. 


7. Three readings should be taken for pressure greater than 

the atmospheric and three less than the atmospheric pressure. 
8. Readings should be taken with the help of the set squares. 
. -9. Readings of the atmospheric pressure and the room tem- 
perature should be taken before and after the experiment. 


10. The correction for the curved part of the tube in the 


determination of the length of the air column should be applied. 
Sources of Error: 
1. The enclosed air may not be dry. 
. 2. The room temperature and barometric height may change 
during the experiment. j 
. The mercury used is generally not as pure as in barometer 
And so there is a difference in their densities. 


4. The closed end may not be uniform. 


ORAL QUESTIONS 
Q.1. What is Boyle's Law? 


Ans. Temperature Temaining constant, the pressure of a 
certain mass of a gas is inversely proportional to its volume, i.e., 


1 
Po y Or PV=constt. 


Q.2. What are the limitations of Boyle’s Law 2 


Ans. Actually gases show deviation from this law. Perma- 
Dent gases, e.g., air, Ns, O», He, etc., obey it fairly well under 
or ату pressure and temperature. 

It does not. hold good at v 


2 hi ressure and at very low 
temperature. It is not true for tais h p М 


turated vapours. 
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Q.3. What is a perfect (or ideal) gas ? Name some of them. 

Ans. A perfect gas is that which obeys Boyle’s Law ai 
Charle’s Law. In fact no gas is perfect but Sermarént gases 21 
Oa, He, Ng, etc., are very nearly so. ‘ 

Ф. 4. What is the difference between gas and vapour ? 


Ans. A substance below its critical temperature is called a 
vapour, whereas a substance above its critical temperature is called 
а gas. } 


Vapour сап „be liquified by increasing pressure alone, while a 
gas cannot be liquified and has to be cooled below the critical 
temperature before it can be liquified. 

Q.5. How do you keep the temperature constant ? 


Ans. By waiting for a short time after every observation 
that the heat developed during compression may dissipate out. - K 


" О. 6. Shouid th change be isothermal or adiabatic in Boyle's 
1 


Ans. Isothermal. ` 


Q.7. How do you explain the fact that a small amount of gas 
in the tube sometimes exerts a greater pressure than even the whole 
column of the atmosphere ? 


Ans. During compression, the bombardment of the mole- 
cules of the enclosed gas against the sides of the tube increases and 
hence the pressure as the pressure is proportional to this bombard- 
ment and not to the mass of the gas. 


Q. 8. What is the difference between the following relations : 
(a) PV —constt. and (b) PV—RT. 


Ans, The first relation is Bayle’s Law and the second wake 
tion is the gas equation obtained by combination of Boyle’s Law and 
Charle’s Law. 


Q.9. What is the use of drying the gas ? 


Ans. Boyle's Law does not hold good accurately for moist 
gases. Application of pressure will condense some of the water 
vapour into water and hence the gas should be dry. 


Ф. 10. Which graph will you prefer and why ? 
(a) P and V, (b) P and y (c) V and iky 
. Р, 
1 1 
) Ans. Pand y or V and T graphs, as these are straight 
lines and errors are easilv accounted for. 
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i i he reservoir 
. 11. Has the diameter of either the gas tube Ort 
to do with the pressure to which the gas is subjected ? 


E г һе 

. There will be no effect in either case, simply t 
аршу "of Mica, required will be larger in the case of a wider 
tube. 


-12. If in the Boyle's Law apparatus, the tube A is not 
Nin in s how will you measure the volume in terms of length 
of the tube A above the level of mercury in it ? 


Ans. The upper part of the tube A (Fig. 25:2) is curved and 


as a result of it, a correction has to be applied for it. This is 
calculated as follows : 


Volume of the curved portion— Volume of the hemisphere of 
radius ‘r’, 


2 
=> × ج‎ nr= ^ grt. 
wo qur Зе 
If the curved portion had been flat, it would have formed a 


cylinder of length ‘r’ and also of radius ‘r’, Then the volume of 
this cylinder =w'Xr=nr® 


А 2 1 
Error in volume= Miss EE nr? 


; А Volume 1 gre | 
The resulting error in length _ Ea =3 к= 7 


Correction in length=4 r=—} MN 


Thus in order to obtain correct length (or volume as volume 
cc effective length), $r should be Subtracted from the observed 
length. 


Experiment 26: 


To measure the air pressure inside a balloon by using an open- 
ended water mano meter. 


Apparatus : 


A rubber balloon and an open-ended water manometer, 
Theory: 


KY Me barometer measures atmospheric Pressure, but in science 
apo en Med о eM Pressures other than that of the atmos- 
1 used to measure the L 
gauges or manometers, SE. ATONA, as тее 
water manome 

1 


А t i СР 
water (Fig, 2 61), ter consists of a U-tube Containing coloured 


When we blow a balloon, it į i i 
shows that air inside it exerts рг sure ы сз in all 5 


rections, This 
Fessure on all the Sides, 


"no [' 
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BALLOON METRE 
_3 RULE 


Fig. 26.1 (Water Manometer) 


The pressure of air inside the balloon is more than the atmos- 
pheric pressure by an amount equal to /iPg where h is the difference 
inlevels of water in thetwo limbs of the water manometer (Fig. 
26.1) ; P is the density of water and g is acceleration due to gravity 
at a place. 


Procedure : 


1. Blow a rubber balloon. Connect it to one of the limbs of · 
the manometer containing coloured water as shown in Fig. 26.1. 


The water level in this limb of the manometer will be depre 
due to the pressure of air inside the balloon. The level of Elia 
the other limb will rise. 


2. When the water in the manometer is steady, mea: 
heights of water meniscus at A and B above a flat ilit ШОУ 
placed on the table. The difference in levels, h, of water in the two 
limbs is measured i.e., AB =h. AB=h is also called “head of water” 
3. The pressure of air in the balloon is, then, more than th 
atmospheric pressure by an amount equal to лра where P is ie 
density of water and g is acceleration due to gravity. te 


4. Find the atmospheric pressure P at a place usi ۳ 
‚ barometer as explained in Experiment 24. y using Fortin’s - 
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5. The pressure of air inside the balloon is equal to P+hpg. 
Note: 

Sometimes the pressure of air inside a balloon can be a3 much 
as 1°5 m of watercoluma Thus a huge open-ended manometer 
should be mide using about 30 m length of a traasparent plastic 


tube. Alternatively, the multipurpose Mercury barometer can be used 
as an open-ended manometer, 


Observations and Calculations : 
Density of water=p=......g om^? 


Room temperature=......°C 

Acceleration due to gravity at a place=g=......cm/s? 

Barometer reading in the beginning=P, —......cm of Hg 
Barometer reading at the end=P,=......cm of Hg 


Mean barometer teading=P= Fit Pa 


=...... cm of Hg 
d Atmospheric Pressure=P = 


к=...... dyne/cm? 
Reading at the level Difference in hPg Pressure of air 
of water in levels AB=h inside the 
(in cm) balloon 
al ү тын =P+hP g 
Limb A | Limb B (dyne/cm*) | (dyne|cm*) 


The pressure of air inside a balloon— 


Precautions 2 Rd 


1. The apparatus s 


hould be Vertical, 
2. The water shoul 


d not sti 


.3. The lower menis 
eye in level with it. ar 


ae -o 
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5. Readings of the atmospheric pressure should be taken 
before and after the experiment. 


. 6. The mass of air in the balloon should not be changed 
during the experiment з 


Sources of Error : 
1. The air in the balloon may not be dry. 
2. The barometer height may change during the experiment. 
3. The water droplets may remain sticking to the limbs of the 
manometer during the experiment. ' 
i ORAL QUESTIONS 
(Same as in Expt. 24) 
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Experiment 27 : 


(a) To estimate the size of a molecule of an oil. 
(b). To estimate the number of oil molecules in 1 gram 
Apparatus : 


Burette, small beaker or conical 
with graph paper attached to the 


-molecule. 


flask, glass bottom tray. (30° x 307) 
underside, lycopodium powder, small 


77 WASHED 
METAL BOOM 
BURETTE 


SOLUTION OF OLEIC 
ACID AND ALCOHOL 


(1) 


- RETORT 
COPODIUM A 
3i DER 
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Theory : 


According to Lord Rayleigh’s work and of the assumption, 
or guess, that he made—the oil spreads until it is a sheet one mole- 
cule thick. 

Allow one drop of given solution of oleic acid to fall on the 
water in a tray. It spreads overthe surface equally in all directions 
forming a circular thin film of thickness (f) and diameter (d). Esti- 
mate the area ofthe patch of clear liquid formed. If the patch is 
roughly circular, we can measure its diameter. Hence deduce the 
thickness of the layer of oleic acid. If we assure that the layer is 
one molecule thick, this gives one dimensions of the oleic acid 
molecule. (This will happen.if the surface of water is grease free). 
Area of the patch x thickness of the . 

layer of oleic acid— volume (V) of the oleic acid drop 
or 
(size of the oleic 
acid molecule) 


size of the oleic acid molecule 


volume of the oleic acid drop (V) 


area of the patch 


р 3 

v 4 (2) 2» 

9r dc r Ы) Sap TEP pe 
ET 4 


‘Value of t depends very much on the accuracy of the measure- 
ment of diameter (D) of oil drops. 


Procedure : 


1. Shake well the given solution of oleic acid. Take 1 c.c. of 
it and dilute to 100 c.c. with 1 litre of benzene. 1 

2. Inorder to estimate the diameter. of the oleic acid drop, 
fill the dropper (with narrow borc) with oleic acid solution. Now 
empty the dropper drop by drop inthe burette till the volume 
emptied is onc c.c. and also count the number of drops. . Find out 
the volume (V) of a drop that dropper gives. 


. Alternatively, we can also find the volume of the oleic acid 
Op as follows : 


Take a wooden piece of about 4” and 2}” and fix a nail on it. 
Make a loop of thin wire as shown. 
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MICROSCOPE 


WOODEN PIECE 


Fig. 27:2 
A glass rod is dipped in the oleic acid solution and touched 
at the lower part of the wire so that the drop of suitable size is 
formed and its size adjusted by dragging more drops close to it or 
away from it, 


Now set the travelling microscope for the drop and measure 
its diameter (D) upto 


the accuracy of 0:001 cm and its volume is 
; Dy À 
given by == (2 ) 


The tray should be a large, enamelled metal tea tray, 
black. The tray should-not be of Е01005 wood or 
Tetain oil. Tray must have a broad flat 


| painted 
plastic that might 
and rounded rim. d 

4. Clean the water surface by moving the two *waxed metal 
booms slowly from the middle to the two ends of the tray [Fig 27.1 

ii). The booms should be left near the end of the tray, 


. 5. When the Water in the tray has become quite Stead: 
Sprinkle the surface with lycopodium Fowder. [Fig. 27, Mii), у 
6. Аттапре е burette so thai its ; t is j 
of the water in the tray [Fig. 27.1 a pis го де Surface 
7. Allow one à Ofthe solution to fall 
centre of the тау, > On the Water, in the 


“Melt paraffin wax in а сап and care 
molten Paraffin wax wi 


п 4 fully 
With a soft pa pai 
“svsrienced, it is almost certainly gy?) tna hA Їч К a layer of 
À the Wax KS in махі 


Тепсе 
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8. Using the graph paper estimate the area of the **patch 


of clear liquid formed [Fig. 27.1 (v)]. If the patch is rough circular 
then use metre rod to measure the maximum diameter of the patch 


produced in two directions. 

9, Deduce the thickness of the layer of oleic acid. If we 
assume that the layer is one molecule thick, this gives one dimen- 
sion of the oleic acid molccule. 

10. Knowing the density of oleic acid and assuming that its 
molecules are of roughly cubic shape, estimate the volume of one 
molecule and hence its mass. Knowing molecular weight of oleic 
acid, estimate the number of molecules in one gram-molecule. 


Observations and Calculations : 


Volume of one drop of oleic acid=V=-.....cm® 
Area of the patch of clear liquid =......сш® 
(using graph paper) 
Or 
For Roughly Circular Patch 
Maximum diameter of the patch (roughly circular) on 
one side=d,=...---cm 
Maximum diameter of the patch on the other side 
=d,=..-.--CM 
Mean maximum diameter of the patch 
=d= АФ —.....ст 


Area of the patch=dX d=... cm? 


If we assume that the layer is one molecule thick, then, 


Let thickness of the layer of the oleic acid 
=f cm (i.e., the size of molecule) 


Area of the patch X t= volume of oleic acid drop (V) 


; "EM EE ы 
ae —-Araofthepath 90 


Thus the size of the oleic acid molecule 


*ewWith some water supplies, the patch contracts to a smaller size 
afteritisformcd. This is probably duc to water-sofiening agents attacking the 
oleic acid, though this is not certain. Whatever the cause of such a contraction 
wo believe the proper measurement to take is the initial maximum diameter. ° 
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Я н s н : ; hat 
Density of oleic acid—0'90--0:01 gm cm-7?, Assuming t 
the Bolê of oleic acid solution are of roughly cubic shape, 


The volume of one molecule eti... cm? 
Mass of one molecule —M-t x (0902-001) 
Leg 
Molecular weight of oleic acid —282 
No. of molecules in one gram-molecule 


Result : 
Roughly, the size cf oleic acid molecule —......À 
Roughly, the number of molecules in 1 gram— molecule 


of oleic acid—...... 


Note. Experimentally the value of diameter(d) of circular 
patch—25 cm; diameter of the oleic acid (D)=0°095 cm 
and the molecular size t=68A°, 


Precautions and Sources of Error : 


l. The tray should be water-proof. 
2. The water Surface should be Swept clean just before each 
Student places his acid 


drop on it, by moving two water-proof waxed 
metal booms out from the centre to the ends. 


b y rough but worth having. 
; Or width equal to the diameter of the 
Sphere (Fig. 27.4), Treat the oil patch as à Square instead of a circle 
(Fig. 27.3) а square of width equal to the diameter of the circle, 
That will yield a smaller estimate of molecule—height, two-thirds of 
the proper Tesult—but never mind, Simplicity is best here, 


CIRCLE 


(жена mm an 
Е + 
SIZE OF THE О, 
E MOLECULE 
SS Re] - 


EA 
THICKNESS OLEIC ACID DROP 
Fig, 27-3. 


Fig. 27-4, 
4. The liquid should be dropped o 


nly drop by drop. 
гоњ 
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ORAL QUESTIONS 


Q.1. What is the aim of this experiment 1 

Ans. To estimate the size of the molecule, 

Q.2. What is a molecule? What is molecular size ? 

Ans. Molecule is the smallest part of matter which can exist 
independently and continues to possess all the properties of the 
matter. 

Molecular size means molecular diameter. 

Q.3. Why should the oleic acid be diluted ? 

Ans. This is done to take a small trace of the oil even by 
trapping larger volume of the solution. 

Q.4. What is the purpose of lycopodium powder in this experi- 
ment ? 

Ans. To have a circular patch of the clear liquid. 

Q. 5. What happens to benzene or alcohol in the film ? 

Ans. The benzene or alcohol contained in the drops eva- 
porates partly and its remaining part gets dissolved in water, leaving 
behind only the oil molecules to spread over the surface of water. 

Q, 6. What type of substances whose molecular size you estimate 
are suitable for this experiment ? 

Ans. Those which spread into a circular film of mono-mole- 
cular layer. 

Q.7. What is a mono-molecular layer ? 

Ans. A layer whose thickness is equal to the diameter of a 
molecule. 

Q.8. As the molecules of oils and fats are not spherical, is the 
thickness of the mono-molecular layer equal to the smaller dimensions 
of the molecule. 

Avs. No; itis equal to the largest dimension of the dia- 
meter. 

Experiment 28. 
To measure surface tension of water by cavillary rise method 


Apparatus : 


Capillary tubes of uniform bore and different diameters 
(ranging from 0'5to 1 5 mm); a glass strip, a thin rubber tub 
band, a needle, a glass vesscl, a clamp stand, a travelling mat 
Scope ; a thermometer and an adjustable stand. 


Theory : 


А When a capillary tube open at both ends is di i 
in a liquid, the surface of the liquid inside the tube is seve 
curved. If the liquid wets the tube as in the case of water, thy 


ay 
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RUBBER BAND 


GLASS STRIP 


CAPILLARY 
TUBES 


REFLECTION 
OF NEEDLE 


Weight of the liquid column=nr2 |р. 
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T cos 0 T cos 8 


Fig. 28:2. 
tube all round the circumference 2mr. The vertically upward 
components of this force support the weight of the liquid column. 


2ur T cos 0—nzr? [ i+ | eg 


Procedure : 


1. Select three capillary tubes of different diameters (rangi 
from 0'5 to 1'5 mm) and cut off their sealed ends with a sharp ns 
or a blade. 


2. Clean the capillary tubes carefully first with caustic soda 
and then with nitric acid, washing out the nitric acid with 


This will be so when the bore of the capillary tube is very fing, Th 
assumption is only partially true in actual practice. us thie 
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considerable quantities of water. Then dry the tubes with dry air 
forced through them. 


3. Mount the capillary tubes on a clean glass strip with a 
rubber band, such that the distance between them is about one 
cm. Also mount a thin needle on the glass strip parailel to 
capillary tubes (Fig. 28.1) so that its fine end projects a little less 
than that of the capillary tubes, 


4. Hold the glass strip vertically in a clamp stand. Test the 
Verticality of the plate with a plumb line. 


5. Clean a glass dish first with the alkaline solution and 
then with water. Fill it with tap water. (Do not use distilled water 
because it contains traces of grease which changes the Surface tension). 
Place it on a stand the height of which can be adjusted. 


6. Adjust the position of the Blass strip so that all the 
capillary tubes dip in water Slightly. Raise the glass vessel and 


see that the water rises freely in the capillary tubes and falls as 
soon as the glass vessel is lowered. 


If water does not fall back readily, it means that the capillary 


tubes or water or both are not free from contamination, In that case 
they should be replaced by cleaner ones.) 


water with fingers). 


8. To set the travelling microscope 2 


(i) Adjust the Position of the eye pj 
] їесе - 
wires are clearly visible, i bas ua i 


(ii) Place the microsco; ith i i 
Pe with its h 
E Up Sai orizontal traverse parallel 


à (ii) Adjust one of the levellin, 
microscope so that it 


т S scale is verti 
horizontal. Test With a spirit level. 


8 screws at the base of the 
cal and the microscope tube is 


9. Direct the microscope on the capillary 
tube having the maximum height of water in it. 
Focus it by removing parallax between the cross- 
wires and the image of water column in the 
capillary tube. Lower the microscope vertically 
and make sure that it can reach the water level. 
Rotate the eye-piece of the microscope to make 
one of the cross-wires horizontal. 


Adjust the position of the microscope so 
that the horizontal cross-wire is approximately 
at the position M (Fig. 28.3) of the meniscus of 
water in capillary tube No. 1 having the greatest 


rise of water. 
Work the screw at the top of the micro- 


‘scope till the cross wire is exactly in the position 
M Read the vertical scale. 


Fig. 28-3. Magnified 
view of capillary 


tube No. 1 


10. Move the microscope along the horizontal scale and 
bring it in front of tube No. 2. Adjust its height, focus it on the 
lower meniscus of water and note the reading. Similarly take the 
reading by focusing the microscope on the lower meniscus of water 


in the capillary tube No. 3. 


REFLECTION OF NEEDLE 


11. Now bring the 
microscope in front of the 
necdle and lower it till the 
cross-wire is in the position 
N as shown in Fig. 28.4 
symmetrically b:tween the 
tip of the ncedle and its 
image in water. Read the 
vertical scale again 


NEEDLE 


Fig. 28-4, 


12. Mark with pen the position of the lower Meniscus of 


water in each of the tubes. 
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13. Measurement of the diameter : 
*Cut the tube No. 1, at the ink mark by 


means of a sharp glass cutting file and 
find its internal diameter by clamping it 
in a horizontal position and focusing the 
microscope over it. 


Similarly find the diameters of the 
capillary tubes No. 2 and 3. 


A magnified view of the cross-sec- 
tion of the capillary tube is shown in 
Fig. 28:5. Focus the microscope first at Fig. 28:5. 
Pand note the reading. Now focus it at Q and again note the 
reading. The difference between these two readings gives the 
diameter PQ. Rotate the tube through a right angle and take the 
readings at R and S. Find the mean of the values of the two 
diameters.** 


14. Find the temperature of water used. 


Observations and Calculations : 


Temperature of water Exfmz. v6. 
Density of water at °C =......... g/cm 
Angle of contact for water=0=......... 


Diameter of the Tube : 
Vernier constant of the microscope=.........cm 
——— ee NE UVP a RU 


Microscope reading at 
Capillary : T | 


Mean Mean 

LI c 3 афа 

tube No. РО | RS diameter radius 
PEA R s (r) 

1 cm | ...cm | ...cm | ...cm | ...cm ! ...cm cm Iu] 

2. 

3 


*Under no circumstances should the tube ba 


wise the fracture will be uneven T. 

у » Togeta clear fracture i 

length of the capillary, make a scratch on the tube at the ae es S Gey 
le and apply the tension along the length of the tub. 4 


е. 
**The fe i i 
rn Shed gue readings should vary (if at all) amongst themselves by a very 


broken by bending it other- 
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Height of the liquid column and surface tension : 


Reading at 
Ч Surface tension 


сартах F 
tube h+ = |Pg 
No. Tar БЕЗ. 
A 2 cos 8 
po deeem. 
mr dynes/cm 
2. 
Э? 


Mean value of Surface Tension 
Value from tables at room temperature ....----- dynes/cm 
a еттог=.......›. 


Result : 
The surface Tension of water at.«««« 
==... dynes/cm 


Precaution : 
|. The tubes should be of uniform bore throughout. 


2. The tubes must be vertical and sufficiently apart. 
3. Water should rise freely in the tubes. 

4. Do not use Wax for fixing the tubes on the glass plate 
Instead use a thin rubber band. Bass рах: 
5. The surface of water should not be touched with 
and the vessel containing it should not be greasy. hand 

6. The diameters of the tubes should be measured 
at the points where the liquid level stands. ed accurately 
7. The diameter should be measured a Л 
mutually perpendicular directions. ccurately in two 
8. The tip of the needle should just touch the water surface 


and not dip into it. 


. The back- 
avoided by always tu 


Sources of Error: 

(i) Probable 
contamination of t 
tedious. 


lash error with the microsco 
і | shi 
rning the screw in the same direction. ae 


contamination of the liquid f 
he capillary tube ; tieu OP ni 4 
is 


Я 
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(ii) Chief source of error is the determination of the radius of 
the bore as it is extremely difficult in practice to have a capillary 
tube of absolutely uniform bore throughout. 


Exercise 


Compare the radii of the two capillary tubes by noting the 
rise of the liquid in them. 


Hints: If the liquid wets glass 
г [ h+ 2] eg 
ل ک1‎ 
2 
If the radius (r) is small then =< 
—rhpg 
T NO IS 
If h and A' are the heights of liquid columns in the two 


capillary tubes of radii r and r’ respectively, then 
2T=rh pg—r' h' pg 


r 


ox Ч 
Ko. Anns 


or 


ORAL QUESTIONS | 
Q. 1. What do you mean by surface tension ? | 
| 


Ans. The free surface of every liquid behaves as if it were in 
a state of tension having a natural tendency to contract. This 
tension or pull in the surface of a liquid is called Surface Tension. | 
Ifa line be imagined to be drawn on a liquid surface, a force acts 
on each side of this line, the direction of the force being tangential | 
to the surface and perpendicular to the line. The magnitude of | 


this force acting per unit length of this line is known Surface 
Tension. 


Q. 2. _Is there any other way of defining surface tension 2 


Ans. Yes. The surface tension may also be defined as 
numerically equal to the work done in enlarging the surface of a 
liquid by unit amount under isothermal conditions. 


- 3. Why should work be at all і ; 
ofa i, d1 у 0 at all done in enlarging the surface 


Ans. As the surface is enlarged, the surf; i 
molecules, i.e., the population of the mole e note 


„ the pc cules per cm? 
free surface, is diminished. Consequently more eer gpl: 
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be brought to the surface from the interior of the liquid in order 
to keep this population constant. To give room to these new- 
comers on the surface, the adjacent molecules have to be separated. 
Thus work is necessary to separate the molecules against the 
cohesive forces which are existent between the molecules. 

Q. 4. What happens to the energy which constitutes the work 
done? Is it wasted ? 

Ans. No. This energy is not wasted, but is stored in the 
surface molecules in the form of enhanced potential energy. It is 
due to this fact that the surface of a liquid behaves like a stretched 
membrane. 

Q. 5. Why mercury does not stick to the finger, while water 
does under the same conditions ? 

Ans. In the case of mercury the force of cohesion between 
mercury and. mercury is greater than the force of adhesion between 
mercury and finger. Hence the molecules of mercury just in the 
neighbourhood of the finger are unable to be torn off from the 
parent mass of the liquid. Consequently mercury does not stick 
to the finger. 

In the case of water, however, the adhesive forces are stronger 
than the cohesive forces ; hence when the finger is dipped in water, 
the molecules of water close to the finger leave the liquid and stick 
to the finger. Consequently the finger gets wetted. 

Q. 6. What is the nature of these cohesive forces 1 

Ans. These forces are not of the same natur^ as gravitational 
forces but arise on account of the interaction of the electrical fields 
which surround atoms. These are very short-range forces. Th'ir 
influence is cxperienced in a very rarrow Tange of the order of 10°5 
mm, Thus, if two molecules le separated by a distance greater 
than. this, the cohesive force existent between them becomes insigni- 
ficantly small. 

Q.7. Why water rises in a 
capillary tube ? 

. Ams. In the capillary tube 
(Fig. 286), the water meniscus is 
concave. Now, as the surface of 
a liquid behaves like a stretched 
membrance and wants to contract 
as:much as possible, the surface in 
the tube becomes straight as shown 
by the dotted line. Hence space 
below this dotted line is filled by 
water. 


s Now, the meniscus cannot 
main straight, it again becomes Fi " 

SEEN g. 28-6. Why wat ses 
concave. Due to surface tension it uc cd 
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again becomes straight. This process of Straightening and curving 
of the meniscus continues and consequently water rises in the tube. 


Q. 8. Should the water level continue to rise indefinitely 1 


Ans. No. Each time when the surface straightens and 
water rises, the surface has to pull a column of water. Now, 
when the weight of the water column becomes so great that the 
tendency of the surface to straighten up is checked, the water 


level ceases to rise. Hence the rise of water column is not 
indefinite. 


Q. 9. Why does water not rise in an ordinary glass tube—, 
why in a capillary tube ? 


Ans. The height of water column ina glass tube depends 
upon the weight of the liquid conthined in this column. This 
obviously depends upon the radius: of the tube. Ina capillary tube 
the radius is exceedingly small, hence the weight of the liquid for 
balancing surface: tension is attained ina good length of the tube. 
In a wide tube or ordinary glass tube, the same weight of water 
will be contained in an extremely small length of the tube and the 
rise may not even be perceptible. 


Q. 10. What is the relation between Surface Ténsion and 
Weight of the Liquid Column supported by it ? 


Ans. 2nr T cos 0—nr3g [ h+ ad] p 


[See Theory of the Expt. above] 
Q. 11. Define angle of contact. 


ANGLE OF 


CONTACT ANCLE OF 
CONTACT 
OBTUSE ACUTE 
Fig. 28:7. 


„Ans. The angle of contact 
à solid is the angle measured wit 
surface and the tangent plane to 
intersection. 


(Fig. 28.7) between a liquid and 
hin the liquid, between the solid 
the liquid surface at the point of 


It is obtuse in the case of li 


surfacê and it ic quids which do not wet the solid 


acute for those liquids which wet the solid surface. 
а What is the angle of contact for pure water-glass 


Ans. Practically zero, 
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Я D 13. Why does water assume concave meniscus in a capillary 
tube 

Ans. In Fig. 28.8 consider a 
molecule ‘M?’ of water. Let force 
of adhesion (F,) between the water 
molecule M and glass molecules 
and the force of cohesion (Ез! bet- 
ween the water molecule (M) and 
the rest of the water molecules be 
Tepresented in magnitude and direc- 

£ > > 
tion by MA and MB respectively. In 
this case of water-glass interface, 

1 > F, consequently the resultant R 

> 

Tepresented by the diagonal MQ Fig. 28:8. Concave meniscus. 
takes the direction as shown. This T » M 1 
18 a force experienced by the surface just in the vicinity of this 
molecule M. Now, for equilibrium, the surface of the liquid must 
be at right angles to the resultant force acting on it. This can be 
achieved by the surface curving upwards as shown. Now if we 
Consider the other wall of the capillary tube, it is clear that inside it 
the surface must curve upwards for both the walls. Hence the 
Surface must be concave. 

Q. 14. Do all liquids show this behaviour, i.e., assume concave 
meniscus in a capillary tube ? 

Ans. No. The case discussed in (О. 13) is true only for 
those liquids and those surfaces, in contact with them, for which 
force of adhesion is greater than the force of cohesion. For those 
liquids, for which reverse is the case, the surface is convex. For 
example mercury and glass surface. 

Q. 15. Jfacapillary tube is dipped in mercury, what will you 
observe ? 

у Ans. The level of mercury in the capillary tube will go on 
sinking. 

©. 16. When will it stop 
Sinking ? 


CAPILLARY 
TUBE 

Ans. When the tendency 
of the meniscus to contract down- 
Wards is counterbalanced by the 
ydrostatic pressure exerted by 
1€ mercury column due to 
difference <7 (Fig. 28.9: between 
the levels of mercury in the 
Outside vessel and inside the 
Capillary tube, 


MERCURY 


Fig. 28:9. 
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Q. 17. Can we use a tube in this experiment whose bore may 
not be uniform throughout ? 


Ans. Of course we can use a capillary tube of this type 
provided the radius is measured at the place where the meniscus 
is formed. Theoretically there is no difficulty but practically, 
there will be one probable source of error. 


Q. 18. What will be that probable source of erfor 1 


Ans. If the tube is cut even slightly up or down the desired 
point for the determination of the radius of the tube, there will 


be serious error in the value of ‘r’, the radius of the tube. Hence 
the result will be off the mark. 


Q. 19. Suppose we dip a number of tubes of the same bore 
but made 


of different materials, in the same liquid, will we get the 
same rise in all ? 


_ Ans. No; because the interfacial surface tension will be 
different in each case. 


. . Q. 20. Suppose there are two tubes A and B. The bore of A 
is circular, that of B is elliptical—the major axis of the ellipse 


isequal to the diameter of the former. How will the levels in the 
tubes be affected 


.. Ans. The rise in the elliptical tube will be more than in the 
circular one, 


Р Q. 21. Suppose the liquid occupies 5 ст of the tube when it 
is held vertically in the liquid. Now, if the tube is inclined at an 
angle of 60° to the vertical, how will the rise in tube be affected 2 


Ans. The length of the liquid column occupying the tube 
shall Increase in such a way that the vertical height is even now 
hW. So the angle of inclination is 60°, we have 


l cos 60°=h or | 1=10 cm | where lis the length of the liquid 


in the tube in the inclined position. 
Q. 22. Suppose the expected rise in a capi і ; 
ipillary tube is 10 cm; 
pj r have a tube only 8 cm long. When dipped, will water over 
Ans. No. When water shall reach i 
Q4 [ the to t 
mu КОЕ вш е pere thereby adjusting fs b 

w value so that itibri i i i 

Suppose the new radius of curvature P bes аа ани 


rıX8=rx10 
Thus with a tube of 


£ sufficient len i n 
7 or the meniscus shall become less Rice a be get tee 
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. Ө. 23. What is the unit of surface tension? What are the 
dimensions of surface tension ? 


Ans. Unit—newtons per metre (N/M) 
dimensions—M'T *. 
Q. 24. How does surface tension vary with temperature ? 


Ans. The surface tension of all liquids decreases as the 
temperature rises. 


Q.25. What is the effect of contaminations on the surface 
tension of a liquid ? 

Ans, All sorts of impurities, contaminations and dissolved 
substances /ower the surface tension of a liquid. 


Q 26. Why rain drops are spherical in shape and bigger 
drops are flat ? 

Ans. Because in the case of rain drops the surface tension 
is greater than the force of gravity and in the case of bigger drops, 
the weight of the drop is greater than the upward force of surface 
tension. 


Q.27. What arethe factors that affect surface tension of a 
liquid ? 
. Ans, (i) Temperature, (ii) Contaminations ; impurities and 
dissolved substances. 


Experiment 29. 


To study the relationship between pressure and temperature of a 
sample of air at constant. volume and hence determine the coefficient 
of increase of pressure of air at constant volume by Jolly's constant 
volume air thermometer. 


Apparatus : 


Jolly's constant volume air thermometer, à plumb line, a 
beaker, a thermometer, ice, a funnel, a set square, and a heating 
arrangement. 


Theory : 


A simple form of constant volume air thermometer (Fig. 29.1) 
due to Jolly consists of a glass bulb C at the end of a capillary tube 
about | mm in diameter. Thetube is bent twice at right angles 
and joined by a thick-walled rubber tubing to an open glass tube D. 

he part of the capillary tube attached to the bulb beyond the 
Second bend is fixed vertically on a vertical wooden board fixed 
Оп a horizontal iron base provided with three levelling screws. A 
millimetre scale is fixed on the vertical board with its zero mark in 

€ lower most position. The open tube which is also in front of the 
Scale can slide up or down along the vertical board and can be 
Clamped at any position. The rubber tube and the open tube 
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VERTICAL 
WOODEN BOARD 


MILLIMETRE SCALE 
THERMOMETRE 


FUNNEL 
BEAKER 


LEVELLING SCRE 
Fig. 29.1. Jolly’s constant volume air thermometer 

contain mercury and during the experiment the level of mercury is 

kept at the fixed mark F on the capillary tube. 


Gases expand much more than solids and liquids do. If a gas 


is heated but its volume is kept constant, the pressure of the gas 
will increase. 


The coefficient of increase of pressure at constant volume is 
defined as the increase in pressure per unit pressure at 0°C, per 
degree centigrade rise of temperature, volume remaining constant. 

Jf Po is the pressure at 0°C and P: the pressure at °С, then 
ш coefficient of increase of pressure at constant volume Yo is given 

y 


— Pe—P, 
Nes Poxt 
Pı=Po (1+ vet) 
The value of coefficient of increase of pressure at constant 
volume for all gases is 35 or 000367. 


or 


In the case of gases the y d 
not the room temp E lower temperature must be 0°C ап 


erature as an appreciable error will be caused 
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due to the very large value of the coefficient of expansion of a gas 


Le., or 000367, which is approximately 10 times the coefficient 


1 
273 
of cubical expansion of water and 100 times the coefficient of cubi- 
cal expansion of copper. 

It is possible to dete: mine the coefficient of expansion of a gas 
from readings of pressure at any two temperatures. If Po, P1 and 
Pa are the pressures at temperatures 0°C, г,°С and 1,°C respectively 
and Yo is the coefficient of increase of pressure at constant volume, 
then 


P =Po (1+Yors) (i) 
Р,=Ро (1 +Yot:) (0) 
Dividing (ii) by (i), we have 


ix l+Yo fa 
Р, dYoh 
LABEBRLD (illl 
or арун (iii) 


Procedure : 


l. Set the apparatus vertical as follows : 


front of the scale. Adjust the levelling 


screws at the base so that the plumb line is parallel to the edge of 
the scale and equidistant from. it at all points. Adjust the central 
Screw to make it parallel to the edge and the two side screws to make 


it equidistant. 


Suspend a plumb line in 


2. Make a fixed mark, F below the bend on the capillary tube 
by Pasting a piece of gumpaper on it. The mark is made below the 
end so that mercury may not enter the bulb C due to negligence. 


3, Note the atmospheric pressure from Fortin’s barometer as 
follows 1 


(i) Find the vernier constant of the Fortin's barometer. 


(ii) Adjust the screw at the base of the barometer so that the 
mercury surface just touches the ivory tip. 
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(iil) Place the eye at the same level as the meniscus of mercury 
to avoid parallax and note the reading. 


4. Bring the open tube D to the lowest position. Place a glass 
funnel below the bulb C. Wash ice in running water and pound it in 
a clean duster. Surround the bulb completely with pounded ice and 
suspend from а clamp a thermometer with its bulb dipping in ice 
near the glass bulb. Wait for about 10 minutes so that the air in the 
bulb attains the temperature of ice. Raise the tube D till the 
mercury level in the capillary stands at the fixed mark F. 


5. Waitfor few minutes. If the air in the bulb has attained 
the temperature of ice and there is no leakage in the apparatus, 
then the mercury level will remain stationary at F. 


SCALE 


Fig, 29.2 


In order to note the reading of the u i 
а ррег meniscus of mercu 
ш Ше каше Р, place a set square such that one of its РЕТКЕ 
шаг. 2 is horizontal and the other presses against the side of the 
eile leve shown in Fig.29.2. Move it till the horizontal edge is 
pU ете of Moe place the eye at the same height inorder to 
Оны eder o ie et сс note the scale reading against the 


are. Simi i 
mercury level on the scale a aint ay ваеце ашта 
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6. Remove ice and the funnel surrounding the bulb C. Place 
the bulb in the steam bath as 
shown in Fig. 2943. When the 
bulb remains surrounded with 
Steam for about 10 minutes, 
the air in the bulb will attain 
the temperature of steam. See р 
that the thermometer records ; 
& constant temperature. Raise 
the tube D so that mercury 
in the capillary tube again 
Stands at the fixed mark F. 
Wait for a few minutes more. 
If the air in the bulb has 
attained the temperature of 
Steam, the mercury level will 
remain stationary at F. Note 
the scale reading against the 
level of mercury in the tube 
D, with the help of a set 
Square as explained in step 5 
Of the procedure. Bring the 
tube D to its lowest position 
and then remove the burner. 


STEAM 
GLASS TUBE 


Fig. 29:3 
Pheric pressure again aad find the temperature of steam at this 
Pressure, 


7. Note the  atmos- 


Observations 


Atmospheric pressure in the beginning = 
Atmospheric pressure at the end ==...... 


Mean atmospheric pressure Р=.. 


JD 


Temperature of steam=!,= 100—'0367 (760—P) 
ze О 


Where P is the atmospheric pressure in millimetres of mercury. 


Reading of the mercury level at 
the fixed mark F=x=......cm 
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ho im ee ee тм ы эу ле езт 1 


Mercury level reading 


Temperature in open tube D Head of pressure Ph 
о +0-—x)=+h 
oc P. 
[ol P= 


Note. The lead of pressure h is positive or negative according 
as the level of mercury in the open tube D is above ar below the level 
of mercury at the fixed mark F. 


Calculations 
Coefficient of increase of pressure at 
P.—P, 
Constant volume Yo= Pox ty 25. 


Value from tables=0°00367 
% еттог=......... 
Precautions 
1. The enclosed air should be completely dry. 


2. The pressure in the beginning and at the end of the experi- 
ment should be the same. 


3. The mercury should not be sticking to the sides of the glass 
tube. 


4. The reading of mercury. level should be taken when the 
temperature remains constant for several minutes and the mercury 
remains at the fixed mark F. 


5. The open tube should be considerably lowered after the. 


reading at the steam temperature has been taken otherwise mercury 
will rush into the bulb when the burner is removed. 


_ 6. The bulb should be surrounded by steam and should not 
be immersed in water. 
7. The bulb should be completely surrounded by pounded ice. 
Sources of Error 


zl l. Glass bulb expands and the volume of air increases, the 
volume, therefore, does not remain constant. 


2. The air in the capillary tube i 
as the air in the bulb. vp Jer a wrap 


3. The enclosed air may not be completely dry. 
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Exercises 


1. To plot a graph between temperature and pressure 
at constant volume using Jolly's apparatus. 


Hints: (i) Surround the bulb C in ice and note the observations 
as explained in step 4, Experiment 29. 

(ii) Remove ice and surround the bulb with water in the 
brass mug at room temperature. Raise the position 
of D so that mercury stands at the fixed mark F in the 
capillary tube. Note the reading of the mercury level 
in the tube D at the room temperature. 

(iii) Heat water to the boiling point and again note the 
reading of mercury in the open tube D after adjusting 
its position so that mercury again stands at F in the 
capillary tube. 

(iv) Remove the burner and allow the water to cool. Note 
the reading of mercury level in the tube D at tem- 
peratures 90°, 80°, 70° etc., by keeping the temperature 
constant at these points. 

Plot a graph between the pressure P and the tempera- 

ture f. 

(vi) From the graph calculate the values of P, and P, corres- 
ponding to any two temperatures f1 and rg respectively 
and then calculate the coefficient of increase of pressure 
from the relation : 

de cPECPp 
Yo= Pir Poh 

(vii) Also find from the graph the pressure of the gas P, 
corresponding to 0°C and Pio, corresponding to 100°C. 
Calculate the coefficient of increase of pressure at 
constant volume from the relation 


с Рџоо—Ро . 
Ye— p, x 100 


2. Findthe value of absolute zero by taking observa- 
tions with Jolly's constant volume air thermometer. 


Hint: Plot a graph between the pressure P and the temperature 
t representing pressure along X-axis and temperature along 
Y-axis taking zero value at the origin 1n both the cases. The 
position of X-axis is selected in such a manner that it is 
possible to go upto 100°C on the positive side and upto 300°C 
on the negative side. The graph isa straight line as shown 
in Fig..29.4, Produce the curve to meet the Y-axis. The point 
at which it meets the Y-axis gives the value of the absolute 
zero. This is because corresponding to this temperature the 


pressure of the enclosed gas is zero. 


(v 


= 


| PRES- 
TEMP. | SURE 


Experiment 30 : 


‹ he different 
ine the comparative cleansing effect of t 
ити the study: of surface tension using capillary tube 
method, 
Apparatus : ' , 
A capillary tube, beakers, spring balance, a glass strip, a thin 
rubber tube band, a needle, a clamp stand, a travelling micro- 


scope, a thermometer, an adjustable stand, diffsrent detergents 
and distilled water. 


Theory : 
Same as in Expt. 28. 
As the surface tension of water is reduced by dissolving a 


detergent, the greater the cleaning strength of a detergent, the less 
is its capillary rise, 


Procedure : 


.l. Take equal weights of different detergents with the help of 
а spring balance, Dis 1 


solve them in equal volume of distilled water, 
ept in different beakers, 
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2. Compare the capillary rise of different solutions by dipping 
acapillary tube in each solution turn by turn as per procedure 
explained in Experiment 28. 

. . The capillary tube must be thoroughly cleaned and rinsed by 
distilled water. It must also be rinsed by distilled water before 
dipping it in each solution. 

Asthe surface tension of wateris reduced by dissolving a 
detergent, the greater the cleaning strength of a detergent, the less 
is its capillary rise 
Note; 

ў An alternative method is to have several capillary tubee of same 
internal diameter. These ate cut from the same capillary tube. Then 
one capillary tube is dipped in each beaker. The beakers should be 
of same size and should contain equal volumes of different detergent 
solutions, so that the different capillary rise of different detergents 


is clearly visible even from a distance. 
Observations and Calculations : 
Height of liquid column in the capillary tube : 


Height (or capillary rise) 


Detergent Readings of mlcroscope at 
Solution (A) in cm 
M N 


Result : 
.(a) The cleansing effect of detergent solution 
maximum. 
(b) The cleansing effect of detergent solution 
(c) The cleansing effect of detergent solution 
The cleansing effect of detergent solution.. is the 


EDS js: 


(d) 
least of all. 
Precautions : 

Same as in Expt. 28. 

Sources of Error : 

Same as in Expt. 28. 

ORAL QUESTIONS 


Same as in Expt. 28. 
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[Same as in experiment 32.] 
Experiment 31, 

To détermee the surface tension of a liquid (water) by the drop- 
weight method. ; 
Apparatus : 

Funnel, ashort glass tube of internal diameter 4 mm or 
5 mm, a piece of rubber tubing which can fit tightly on the glass 


tube, paraffia wax, small beaker or crucible, screw type pinch 
cock, travelling microscope, the given liquid (say water). 


Theory : 
| Let us make a simplifying assum 


from a circular orifice has cylindrical for 
away from the tube. If ris the radiu 


ption that the drop falling 
m when it is about to break 
S ofthe orifice, the excess 


pressure inside the drop at this section is I due to cylindrical cur- 
vature where T is the surface tension of the liquid. This produces a 
downward thrust on the drop of Т атал If т is the mass of 
the drop, the total downward forces are Tzr4-mg. 


These forces are balanced by the upward forces of surface 
tension round the circle of contact. This force is 2nr 1 


Hence, 
2xr.T—Tnr-4-mg 
Or TE 
тг 
The above expression is deduced on the assumption that (i) 
the drops b 


Teak away under ideal statistical conditions, and (ii) shape 


of liquid at the orifice is cylindrical when the drop is about to break 
away. The problem, 


however, is complicated by dynamical consi- 
derations and complex shape of drops. Taking these into account 
anes has shown that a closer approximation is given by the 


tubing. 
to regulate the liquid 
ping end of the glass 
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tube, This ensures that the drops fall out from its internal surface 
only. For this purpose it is also necessary that the glass tube is 
cut flat. Ifthe flat end Tis not obtained by cutting only, it may be 
grounded flat using a very fine emery powder or sand. Tn no case 
should it be fire polished. 


STAND 


FUNNEL 


LIQUID 


| ы 4-PINCH COGK 
"B (SCREW ТҮРЕ) 


RUBBER 
TUBE 


GLASS 
TUBE OF 
UNIFORM 


PARAFFIN 
WAX COATING 


BEAKER 


Fig. 31.1 

j 2. Placetheliquid whose surface tension is to be measured 
іп the funnel. Regulate the flow of the liquid so that the drops 
break away at the rate of about one per minute. Collect the counted 
number of drops in a beaker of known mass and weigh the beaker 
With the collected liquid. From this, the average mass of the drop 
is found out. - 

3. The mean radius, r, of the end of the glass tube is deter- 
mined by means of a travelling microscope as explained in Expt. 28. 

4. Calculate the surface tension, T, using the formula 


ENS 
AC 

Where уп is the average mass of a drop and g is the acceleration due 

to gravity. 

Note : For more accurate measurement, the rate of breaking away 
ofthe drops should be even slower than what has been 
suggested above. It is better to keep it спе drop every four 
minutes but it may take the experiment too much time 
consuming. When time is important, students may doa 
tolerable experiment even by collecting 50 drops in about 10 


minutes. 
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Observations and Calculations : 
Mass of beaker— 
Mass of beaker and collected liquid=. 
Number of drops=. ез 
Average mass of a drop (m)=......... 
Diameter of the tube : 
Vernier constant of the microscope=......... cm 


Microscope reading at 


(in cm) PQ RS Mean Mean radius 
(em) | (em) diameter (cm) 
i (cm) 


-. Mean radius of dropping end of 
glass tubee rc ...... m 


Acceleration due to gravity at...... 
(from tables)— g—......ms"? 
.'. Surface tension of the liquid 


=T= уж Мт 


Result : Fig. 31.2 
The surface tension of the liquides......Nm-! 
Precautions : 
1. The glass tube should be cut flat. 


2. The drops of the liquid shoul 1 i 
surface of the Bias оГ is q should fall out from the internal 


3. The flow of liquid should be re: ulated i h hat 
the drops break away at the rate of about wi Sua) qe 
per minute if time is important. god a orione 


4. The glass tube should be of uniform bore throughout. 
5. The diameter of the fl 


à at end of the glass should b - 
ed accurately in two mutually perpendicular Чен lu. 


ORAL QUESTIONS 
(Same as in Experiment 28. 
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Experiment 32 : 

To determine the spring constant of a given spring. 

Apparatus : 

Light spiral spring, metre scale, two clamps and stand pointer for 
spring, hanger with siotted weights. 

Theory : 

The shape of a body changes when an external force is applied. 
Molecular forces tend to oppose this change. As soon as external force 
is removed, the body regains its original shape, if the applied force is 
within the elastic limit. 


POINTER 


HANGER FOR 
SLOTTED 
WEIGHTS 


Fig. 32.1. 


The relationship between the extension in a helical spring and the 
applied force was first investigated by Robert Hooke and is known as 
Hooke's Law. Hooke's Law states that for a helical spring or other elastic 
Material, the extension is directly proportional to the applied force, 
Provided the elastic limit is not exceeded. The elastic limit is the point at 
Which the spring or other material becomes permanently deformed. For 
forces applied up to the elastic limit the spring returns to its original length 
Or shape when the force is removed. 


“Еже where F = applied force 
ande = extension 
F = constant e 
or F-Ke where K = spring constant 
Spri constant = K = E = Force _ =m. 
a € extention © 


where m = mass , 
g = acceleration due to gravity. 
Its SI unit is Nri! 
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Procedure : 


1. Set up the apparatus as shown in Fig. 32.1 


2. Fix a pin to the lower end of the spring to act as a pointer 
and record the position of the pointer on the metre scale when no 
force is applied. 


This arbitrary zero position should be checked at the end of 


the experiment to ensure that the maximum force applied to the 
spring did not exceed the elastic limit. 


3. Attach a weight hanger (which applies a known force 
F=0'5 N to the spring) to the lower end of the spring. When the 
spring stops oscillating, record the new Position of the pointer. 


The difference in the two readings gives the extension e which can 
be recorded in mm. 


4. Add slotted weights of, say 0:5 N (50 g) to the hanger 
(also of weight 0'5 N) so that the force can be increased from 0 to 
3N in equal steps of 0'5N. 


As you add each weight to the spring, note the reading of the 
steady pointer on the metre scale. 


It is good practical technique also to take the pointer readings 
as the weights are removed so that an average pointer reading can 
be used to calculate the extension of the spring. 


*. The results can be tabulated as shown below. A calcula- 


Force 


А г E 3 иги 
tion of the ratio —— ———.—— show it to be constant within 
e extension 


the limits of experimental error, 


6. Plot a graph between force applied and the corresponding 
extension. It should be a straight line passing through the origin. 
This demonstrates that force applied is directly proportional to the 


Observations and Calculations : 


S.No. Force Pointer reading in mm | Exiension Spring 
(F) (e) constant 
inN a a Re in mm K [Bes 
iLoading Unloadingl Mean for...... N Tete 
| (n Nnm) 
ن‎ TE a к у, ы т." orn, "л" 

1 0 А 
2 0:5 В 
3 10 C 
4 175 р 
5 20 E 
6 25 H 
7 30 G 


Re ee М em Р. 


Mean Value of e= 


8 
3 
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NEP, ч 
extension. From the graph, calculate К. This is a (See Fig. 3242). 
From the graph (Fig. 31.2) ; 


The elastic constant of spring K— 2- өөө N/mm 
Swe N/m 
Result : 
(1) K=......Nm7 is the force applied on the spring per metre 
extension. 


е (in mm) ———» 


F (in N)—> 
Fig. 32.2 Р 
2. Since the graph of F against eisa straight line passing 
through the origin, then the extension of the spring is directly pro- 
Portional to the tension in the spring (Hooke's law). 
Precautions $ 
ч 1. The spring should be suspended іп such.a way that its axis 
is vertical and the scale should be adjusted parallel to its axis. 
2. The spring should not be loaded beyond elastic limits. 
3. The loading or unloading should be in equal steps and 
Should be done carefully and gently. After each addition or removal 


Of the load, wait for 1 minute in order to allow (i) the spring io 
increase or decrease in length and (ii) the oscillations to subside. 


. 4. The pointer should be so adjusted that it is not just touch- 
mg the scale, otherwise it will rub against the latter and correction 
eading of extension shall not be obtained. 
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Sources of Error : 

1. The weights used may not be standard weights. 

2. Error may occur in reading the pointer positions. 

ORAL QUESTIONS 

"Same as in Experiment 33 
Experiment 33 

To study. graphically the stress—strain relationship for a 
steel wire using Searl’s Apparatus and to determine the Young’s 
Modulus for it. 
Apparatus : 


Searl's apparatus with steel wire, Screw gauge, Metre-rod, 
Slotted weights with hanger. 


Formula Employed : 
The Young’s Modulus (Y) for the material ot a wire is given 
by 
_ MgL -2 
z ЗЇ dyne cm 
where M=mass suspended from the wire ; 
L=original length of the wire ; 
r=radius of the wire ; 
I—change in length of the wire. 
"Theory : 


| If a wire of length ‘L’ has a load of ‘M’ gm suspended from 
its lower end, then 


the axi еп a force equal to Mg dynes acts vertically along 
li lone of the wire and consequently the wire extends in length a 
Kt di Let this extension be “' cm. Then the longitudinal strain 
ara in the wire is //L. If the area of cross-section of the wire 
EU the normal stress set up in the wire in the equilibrium 
is "EACH by Me/A. Then, from definition, the Young's Modulus 


y Longitudinal Stress Мр/А — Mg.L 
Longitudinal Strain ^ 7]L ^ A.I 
If the radius of the wire be ‘r’, then A=nr2 


and -Ms.L 
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Procedure: 


(i) First of all determine the pitch 
andthe least count of the micrometer sse 
Screw. Hang the hanger 'H' in the hook j 
*B' of the frame F, connected to the ex- 
perimental wire *b' to remove any kinks 
present in it and to keep it* taut. Also 
Suspend the dead weight ‘W’ from the 
other hook A to keep the reference wire 
*a' straight. 


Now without taking any readings 
add a few weights, one by one, then re- 
move them one by one. This **operation 
Should be repeated twice or thrice and 
care should be taken that the weights 
are placed gently. 


4, (ii) Find the diameter of the wire 
b' with the screw gauge at six different 
places. At each point, measure the 
diameter in two mutually perpendicular 
directions. 


(iii) Now by turning the micrometer 
screw (M) bring the air bubble of the 3 a 
spirit level in the centre and note the read- Fig. эз бепе 
ing on the pitch scale and the disc scale. PP 


(iv) Calculate the breaking load and hence permissible load for 
the given steel wire by the formula. 


Breaking load=Breaking stress X area of cross-section in cm? 

.. Permissible load=} of the calculated breaking load. 
Do not place the load on the wire more than the permissible load to 
keep the wire within elastic limits. 


*If this isnot done the values of the first few extensions shall be erro- 
neou 
d i ity i isi iti ded for the 
?*A wir some irregularity in extension when it is loa 3 
first time ; but p the loading and unloading is carried on for Some time, 
the wire attains a. steady state and the behayiour regarding extension becomes 


Hi ; : ; ithin “Elastic Limit” only. Hence under no cir- 
сита 00К Should белш Бе loaded with morethan the maximum possible 
load and this permissible load is given by half the breaking stress for the wire, 
since this elastic limit ensues just after the application of this stress. 
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(у) *Place gently half a kilogram weight in the hanger Н and 
wait for about two minutes. This will result in the extension of 
the wire and consequently the air bubble will get displaced. Bring 
back the air bubble in ils standard position, i e., the centre by rais- 
ing the screw and note the reading of the micrometer scr w. The 
difference between two readings of the micrometer screw gives 
the extension produced by half-a-kilogram load. 


Now gradually increase the load in equal steps of half-a-kilo- 
gram upto the maximum permissible load, adjust the spirit level 
and note the reading of the micrometer screw each time. Move the 
screw forward by about one revolution and note its reading again 
by turning it back till the bubble is in the centre. This reading will 
be nearly or exactly equal to the Previous one depending upon the 
amount of back-lash present in the screw. The screw should always 
be moved in one direction to avoid error due to back-lash. 


(vi) Now remove the load in steps of one half-a-kilogram 
weight till all weights except that used to keep the wire taut have 
been removed. Take the reading of the micrometer screw after 
each weight has been removed. The readings of the micrometer 
Screw for various weights taken when thc wire is being unloaded 
should agree closely with those taken when the wire was loaded. 
If they do not agree, then it means that the experimental wire was 
initially not free from kinks and hence this set of observations 
should be rejected. Now load the wire with heavier weight to 


remove the kinks and repeat the process till a satisfactory set of 
readings is obtained. 


(vii) Measure the length of the experimental wire ‘b’ from the 


point of support to the pin-vices, ie., to the place where the wire 
is fixed to the rectangular frame. 


(viii) Now take the mean of the two readings of the micrometer 
Screw for the same load and calculate the mean extension of the wire 
as given in observation table. The reading for this purpose should 
be so coupled that no reading is used twice otherwise that reading 
will become useless when the mean is taken. 

(ix) Plot a graph between load and extension taking load on 
the X-axis and extension on Y-axis with suitable scales. lt will be a 
straight line showing that extension is proportional to load which is 
Hooke's Law. Calculate extension for a definite load from the 
graph and determine Young's Modulus ‘Y’, 


*For instance, for one parti i i 
, particular stee be 
0:22cm. Hence the area of iis pe хаад 


7 Cross-section of the wire=zr?=3']4x 022) = 
dere cm’. From the table of. constants, breaking Uds "for steel 110 2 10° 
таспи, ace breaking load =0: dyne=16 kgm (nearly). 
"te, applied to this particular 
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*Observations and Calculations : 
Pitch of the screw gauge=1 mm 
No. of divisions on the circular scale=100 div. 


Least count of the screw gauge= 070%! mm=0'001 cm 


Zero correction of the screw gauge—0'0 mm. 
Diameter of the Wire: 


S. No. Reading along | Reading along a Mean corrected 
any diameter perpendicular dia- | diameter in cm 
in mm meter in mm 


Radius of the experimental wire “'=0`0322 cm 
Pitch of the micrometer screw—1'0 mm 
No. of division on the head scale=100 div 
Least count of the micrometer screw—0'01 mm 


Extension of the Wire : 


Micrometer Screw rcadings in 


Extension | Mean 
extension 
(h) for 
2 kg 


in cm 


Weight 
in the 
hanger 
'H' in 
kg 


S. No. 


Loading | Unloading (x ty) 
(x) (y) 2 


*Students should carefully note that the reading entered herei 
obtained for a parti i eron were 
1 particular wire. They should enter here the actual values 

by them in their laboratory. ` obtained 
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Length of the wire (L)—259'5 cm 
Young's Modulus ‘Y= Met 
_ 2X1000x981x259:5 2X981x2595 ^ ioi 
— 3:14x(00322)x0:1275 314 х (322)? x1275 i 
log Y=log 21-108 981--log 2595+10 log 10—1og 314—2 log 322 
—log 1275 
—0:3010--2:9917--3:41424-10'0 — 2:4968— 50159 —311055. 
—2271069 — 10°6182=12°0887 
s. Y21227 X 10" dyne/cm* 
=12°3 x 10"! dyne/cm? 


Graph’: 
Average value of extension (/) for 2 kg from the graph 
=0`1270 cm.j 
Y= ME L 2123x102 dyne cm? 
D nr. 1 

Y 

Е 

о 

S 

c 

i 

LÀ 

5 Scale 

In] 1:Big Square ... . Kg 

1 Big Square ..... cm 
o Load(in Kg) —> X. 
Fig. 332. 

Result : 


Young's Modulus of Elasticity (Y) for the given copper wire 
7123 х 10" dyne cm^? 
Actual value from the table 
=12`4х 10" дупе cm? 
_ _ difference 
Errores Actual value < 100% 
=0`8%. 
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Precautions : 

1. There should not be any kinks in the wire. It should be 
loaded heavily at the start to remove the kinks as described in the 
procedure. 

2. The wire should not be loaded beyond elastic limits. 


3. The loading or unloading should be in equal step ( kg) 
and should be done carefully and gently. 

_ After each addition or removal of the load, wait for two 
minutes in order to allow (i) tne wire to increase Ог decrease in 
length, (ii) the oscillations to subside and, (iii) the wire to attain 
the room temperature. 

. 4, The radius of the wire should be determined at various 
points and at each point in two mutually perpendicular directions. 
This is because a small error in the measurement of ‘r’ will result 
in a large error in the value of Young's Modulus. 

5. While calculating the extension from the mean readings of 
the micrometer screw for various loads, the students are warned 


against taking difference between the two consecutive readings. If a, 
b, c, d.h be the mean of loading and unloading the successive 


difference will be (b—a), (c—5)-----(h—8) and their mean. 


(b—a)--(c—bi4--(h—g) _ (h—a) 
1 v 7) 


Therefore only first and last readings аге utilised and others 
have been wasted. But if the mean of (e—a), (f—B), (g—c) and 
(A — d) is taken, all observations are utilised. 

6. Before every reading of the micrometer Screw, the bubble 
of the spirit level should be brought at the centre. 

7. The micrometer screw should always be rotated in the 
same direction to avoid back lash error. 

8. The length of the wire (L) is the length of the experi- 
mental wire ‘b’, and not that of the reference wire ‘a’. 

9. Tho graph should be smooth and should pass through 
nearby all the points. Г 


Sources of Error: 
(i) The weights used may not be standard weights. 
(ii) The wire may not be of uniform area of cross-section 
throughout its length. 
(i) The radius of the wire may change while loading or un- 
loading. 
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ORAL QUESTIONS 


Q. 1. What is elasticity ? 

Ans. All material bodies when subjected to suitable forces, 
suffer a change either in size or in shape or in both and get deform- 
ed. When the deforming force is removed the body tends to come 
back to its original condition. This property of a body by virtue of 
which it regains its original condition after the removal of the 
deforming force is called elasticity. 


Q. 2. What are (i) Elastic bodies, and (ii) Plastic bodies ? 
Ans. Bodies which .recover completely after the removal of 


deforming forces are called perfectly elastic bodies and those which 


do not show any tendency to recover are called perfectly plastic 
bodies. 


In actual practice, we have no perfectly elastic or perfectly 
plastic bodies, the difference being that of a degree. Д 

Q. 3. What is stress ? When is stress called (i) compressive, 
(ii) tensile ? 


Ans. The deforming forces applied to a body give rise to 
forces of reaction inside it, tending to restore it back to its original 
condition. This restoring force setup inside the body measured 
per unit area is called stress. It is equal in magnitude but opposite 
in direction to the applied deforming force per unit area provided 
the elastic limit is not exceeded. 


1f the deforming force is trying to press the body, the stress is 
named compressive stress but if the deforming force be of a nature 
of pull or tension, the stress is called tensile stress. 


Q. 4. What are the units of stress ? 


Ans. Its units are dynes/cm? in C.G.S. system ; newton/ 
metre* in M.K.S. system and S.I. system. 


Q. 5. What are the dimensions of stress ? 

Ans. Its dimensions are ML7 T7, 

Q. 6. What are the different types of stress? Define them. 
Ans. Stress is of three kinds : 


(i) Longitudinal ѕітеѕ......1 is force per unit area which 
produces a change in length. 


(ii) Volumetric ѕітеѕв......1{ 15 force per unit area which 
produces a change in volume. 


(iii) Shearing stress.-....it is force per unit area which 
produces a change in the shape of the.body. 


Q.7. What is strain? Mention the units of strain. 


Ans. Dueto the deformin i i 
К . ming force, there is a change in the 
dimensions of the body. Strain is defined as the ratio of the change 
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in configuration to the original configuration (i.e., original length or 
volume). ' 
Since it is a ratio, it has no units. 
Q. 8. What are the three types of strain ? Define them. 
Ans. (i) Longitudinal Strain—it is change in length per unit 
length. : 
(ii) Volumetric Sirain—it is change in volume per unit volume. 

(iii) Shearing Strain—it is change in shape due to relative move- 
ment of some plane of the body with respect to other. It is measured 
by the angle through which a side is turned. 

Q.9. Which comes first —stress or strain 1 

Ans. Stress depends upon strain, i.e, strain is an indepen- 
dent quantity. This is because unless deformation is produced 
there is no restoring force set up inside the body. 

Q.10. What is elastic limit? 

, Ans. The limit upto which extension ís proportional to the 
tension and the body regains its original position after the defor- 
ming forces have been removed, is called elastic limit. 

Q. 11. What is yield point ? 3 
Ans. The yield point is the point at which the wire begins to- 
flow, thinning uniformly even without any increase in the load, 
Ф. 12. What is breaking point ? 
_ Ans. After yield point, a stage is reached when the wire goes 
by increasing in length and ultimately breaks. The point where it 
reaks is called breaking point. 
Q. 13. What is breaking stress? f 
Ans. The minimum load with which the wire breaks is called 
breaking load. Breaking load per unit area is called breaking stress. 
Q.14. What is stress—strain curve ? 
. Ams. Suppose a 
Wire of uniform area of 


Cross-section is sus 
pen- 
ed from a rigid support 


YIELD POINT MAXIMUM 
/ LOA? 


and is stretched b ў 

$ y hang- ` 

ega load at the other BREAKING 
- If the load isin- POINT 


creased gradually, the 
length of the wire also 
tS accordingly. If 
= values of stress and 

Tresponding strain are 


STRESS —> < 


stacrmined at various О STRAIN —> X 
pl eS and a graph is ; 
Otted between them, Fig. 33.3 


then the stress-strain, curve is obtained as shown in Fig. 32.3. 
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Q.15. What is Hooke's Law ? Who stated Hooke's Law ? 


Ans. According to Hooke's Law, stress is proportional to the 
strain, within the elastic limits. 


Robert Hooke stated this law. 


Q. 16. What is Young's Modulus of Elasticity? What are its 
units ? 


1 Longitudinal Stress 
Ans. Young's Modulus EDS Longitudinal Strain 


F 


- where F—force applied 


L 
a=area ; /=change in length ; 
L=original length 
Units : 
C.G.S. > dyne/cm* 
M.K.S. > N/m? 


Q. 17. What is meant by tensile strength ? 


Ans. It is the value of breaking stress per sq. mm area of 
cross-section. 


Q. 18. What is permanent set ? 


Ans. If we increase the load beyond elastic limit and then the 
deforming forces are removed, the wire does not regain its original 


Position but attains a permanent extension. This is called permanent 
set. 


Q. 19. What is elastic fatigue ? 


„ Ans., When two Wires, one quite new and other an old one 
which has suffered many Strains, are made to oscillate together, the 
older one comes to rest earlier. The older wire is said to have elastic 

atigue. 


Q. 20. What do you mean by elastic after-effect 1 


Ans. When the deformin forces { kes 
ШЕТУ come back tot g are removed, the body ta 


; ts original condition. i i d 
elastic after-effect. Г probe Mns сову 13, Celle 


2. What is the effect of temperature on the modulus of 


A V fot n s 
Кре value of modulus of elasticity decreases with rise of 


= 
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Q. 22. Are there metals whose elastic properties do not change 
with temperature ? 


Ans. Yes; these metals are called Elinvars which are alloys 
of nickel and steel. Their elasticity does not change. 


Q.23. Isthere any practical application of the knowledge of 
elasticiry ? 

„ Ans, Yes. With its knowledge we can calculate the force 
whicha girder or the piston rod of steam engine, etc., can with- 
stand. 

Ф. 24. Which is more elastic—steel or rubber ? 
" Ans. If equal forces are applied to steel and rubber, less strain 
is produced in steel than rubber. Therefore steel is more elastic 
than rubber. 

Q.25. Why do we use long wires? 

Ans. So that the extensions may be large and may be measu- 
Ted accurately. 

Q.26. Why do we use two similar wires ? 

Ans. To avoid error due to yielding of the support and in- 
crease in length due to change in room temperature. 
7 Ф. 27. Why do we wait before taking reading after each load- 
ing and unioading ? 


Ans. So that the wire may cool down to its original tempera- 
ture and to allow the wire to increase or decrease in length. 


О. 28. On what factors ‘Y’ depends ? 

Ans. It depends upon (i) the nature of the material of the 
body, (it) form in which the body is taken and, (iii) temperature 
of the body. 

Ф. 29. Does 'Y' depend on the diameter of the wire ? 

Ans. No ; it does not depend upon the diameter. It depends 
9n nature of the material. 

Ф. 30. Which measurement should be most accurate ? 

Aus. Ch in length (/) and the radius of the wire (r). А 
Small error in ER uh of ‘r’ results in a large error in the 
value of ‘y> . Mg. L 

of ‘Y’ because Xp 

Q. 31. What is Poisson's ratio? 

ns. Poisson'sratio is defined as the ratio of lateral contrac- 


. Ans. 
pon to the longitudinal extension when a wire is stretched in a 
Mear direction. If L and D te the initia! length and diameter 


184 


respectively and / and dbe the increase in length and decrease in 
diameter, then 


d 
ieee е DLL id 
Poisson's ratio c= T ID: 
L 


Since it is a ratio of two similar quantities, it has no units 
and no dimensions. 


Q.32 Why is it advised to rotate the screw in the same 
direction ? 


Ans. To avoid backlash error. 


Q. 33. Is there any change in the value of “У” if a larger or 
thicker wire is used ? 


_ Ans. Yes. Youngs Modulus of a wire is directly propor- 
tional to the length of the wire and inversely proportional to the 
area of cross-section of th 


е wire. 
Experimént 34: 


To study the variation in length o, -a rubber band with applied 
force (beyond elastic limit). ies уна band with epplje 


Apparatus : 
Rigid support, Peg or nail, Т 


` hick rubber string, Pan, Slotted 
weights of 50 gm each, a fine pointer, Vertical scale Е d 
Theory : 

If a rubber 


ist. If the area of 
Cross-section of the rubber string be ‘A’, 


then the normal stress set 
up in the string in the equilibrium state is given by М. The 


; “A 
Young's Modulus (Y) for the rubber string is given by 


n Mg 
y Longitudinal Stress А 
=e Cna! stress 


Ч Мр. L 
Longitudinal strain elus TATE 
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If the radius of the rubber string be ‘r’ then A=nr’. 


Hence 
_ MgL 
їз MET | 
НИТ с 


RIGID SUPPORT 


PEG OR NAIL 


L—,d'CK RUBBER 
STRING 


VERTICAL SCALE: 


SLOTTED WEIGHTS 
OF 50 gm EACH 


Fig. 34.1. Improvised apparatus for stress-strain relationship 
for rubber string 


Procedur ©: 


H ms Set up the apparatus as shown in Fig. 34.1 ie., suspend 
oni ciently thick rubber string from a peg fixed in a rigid support 
the E wall of the Physics Laboratory. Also suspend the hanger of 
4 fected weights to the other end of the rubber string. Attach 
over Pointer near the lower end of the rubber string which moves 
ies Vertical scale. See that the tip of the pointer is on the 


Bauge ; Find the diameter of the rubber string with the screw 
ack а six different places when the hanger is not suspended. At 
Point, measure the diameter in two mutually perpendicular 
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directions. While measuring the diameter, the string should not 
be pressed too hard. 


3. Find the least count of the scale and suspend the hanger 
of the slotted weights (the hanger itself weighs 50 gm) gently and 
wait for some time so that the rubber string attains the full exten- 
sion. Now read the position of the pointer on the vertical scale. 


Place a 50 gm weight in the hanger gently and wait for about 
2 minutes. This will result in the extension of the rubber string. 
Note the reading of the pointer on the scale. The difference between 


the two readings on the scale gives the extension produced by 50 gm 
load. 


4. Now gradually increase the load in equal steps of 50 gm 
upto the maximum permissible load and note the corresponding 
reading of the pointer on the scale each time. 


5. Now remove the load in steps of 50 gm weight till all 
weights except the weight of the hanger have been removed. Take 


the corresponding reading of the pointer on the scale after each 
weight has been removed. 


The readings of the pointer on the scale for various weights 
taken when the rubber string is being unloaded should agree closely 
with those taken when the rubber string was loaded. If *they do 


not agree then it means that we are not keeping the load within the 
elastic limit. 


6. Measure the length of the rubber string from the point 


ofsupport to the place where the rubber string is fixed to the 
hanger. 


7. Take the mean ofthe two readings (one for loading and 
other for unloading) of the pointer on the scale for the same load 


and calculate the mean extension of the rubber string as given in 
observation table. 


, 8. Plot a graph between load (put on hanger) and extension, 
taking load onthe x-axis and extension on y-axis with suitable scales. 
It will be a straight line within the elastic limit showing that exten- 
sion is proportional to load (Hooke's Law) (Fig. 34.2). 


. 9. From (ће graph, find out the mean extension ‘I’ for a defi- 
nite load (say- 100 g) and determine Young's Modulus. 


Observations and Calculations : 
Pitch of the screw gauge= 
No. of divisions on the circular scale=...... 
Least count of the screw gauge=......mm=...... cm 
Zero correction of the screw gauge=......mm 
“Particularly the zero weight in the hanger readings. 
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Diameter of the Rubber String : 


Reading along Reading along Mean corrected 
S. No. any diameter a perpendicular diameter (d) 
in cm diameter in cm in cm 


08883.08 EY ee IEEE ee ee 
Mean radius =e Жы cm 


Length of the rubber string (i) cm, (ii) .....cm, (dii) ......cm 
Mean length of the rubber string=L=.....cm 
Extension of the Rubber String : 
cow men obthe eae | Ra MN 
Reading of the pointer on the vertical scale in cm 


Weight in 
S. No. the hanger 
< ing Loading Unloading Mean 
e) 0) (52) 
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Determine the average value of extension ‘l’ for 100 g from 
the load-extension graph. 


MAXIMUM 
Y YIELD POINT LOAD 
йн \ У 
Е ELASTIC S 
9 LIMIT 
2 BREAKING ~>. 
Б РО!МТ 
[7] 
z 
ш 
[2 
ш 
i . 

O LOAD IN g ¬+ X 


Fig. 34.2. Stress-strain curve. 


Substitute the values of M, L, / and r in formula 


yer. and calculate the value of ‘Y’. 


Result : 
The Young's Modulus for the rubber string 


=........dynes/cm? 
Precautions : 


1. The rubber string should not be loaded beyond elastic 
limits, 


2. The loading and unloading should be done in equal steps 
(50 gm) and it should be done gently and carefully. 


3. After each addition or removal of the load, wait for 


E in order to allow the string to increase or decrease in 
ength. 


4. The: radius of the rubber string should be determined 


carefully at various pointa and at each point in two mutually per- 
pendicular directions. 


. This is because a small error in the measurement of ‘r’ will 
result in a large error in the value of ‘Y’. 


5. While measuring the radius, the string should not be 
pressed too hard. 


6. The rubber string used should be sufficiently thick so that 
the extension produced by 50 g wt. is not very large. 
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Sources of Error: 
(i) Yielding of support and change in room temperature. 
(ii) Change in the area of cross-section 
(ili) Weights used may not be standard weights. 


ORAL QUESTIONS 
[Same as in experiment 32.] 


Experiment 35 : 

To find the spring constant of a helical spring by measuring time 
period of vertical oscillations of a known load and check by measuring 
its extension by a known force. 

Apparatus : 

A helical spring, metre scale, two clamps and stands, stop- 
watch, light pointer for spring, hanger with slotted weights, 1 kg. 
weight. 


EQUILIBRIUM 2. اک کے ا‎ 
POSITION TT T | Е 
-y 
PULL OF 
PULL OF NET a SPRING 
PULL OF SPRING FORC 
SPRING E 
NET 
FORCE 
mo + (Е) 
З mo 
(A) (B) (C) 


Fig. 35.1. 
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Theory : 


If a mass is oscillating back and forth with simple harmonic 
motion, there must be a force acting. For example, you hang a 
mass carefully on a spring, letting it hang at rest. Ifthe mass is 
pulled down asin Fig 35.1, the spring pulls it back toward its 
equilibrium position. If the mass is lifted slightly, gravity tends to 
pull it down. Whenever the mass is displaced, there is a force pull- 
ing it back to the equilibrium position. If the displacement is up 
(positive), the restoring force is down (negative). If the displace- 
ment is down (negative’, the restoring force is upward (positive). 
The restoring force is opposite in sign to the displacement. 


The force is related to the acceleration by Newton's Second 
Law, F=ma. In simple harmonic motion, the acceleration is des- 
cribed by 
а= —W y, where y is the displacement 
Applying Newton's Second Law, 
F=ma=—mw'y 
This is of the form F=—ky 


4п? т 


13 


where k=mo*= 


These last equations form the basis for the definition of motion 
of the type called simple harmonic. If an object moves under the 
influence of a force described by F=—ky, then S.H.M. will result 
and the period will be found from the relations 


2. 
pe Arm 


T? 
or T=2n4/ m 
k 


, . Forces of the form F— —ky occur frequently in natural situa- 
tions because the force exerted by elastic materials is described bY 
such an equation, with К being called the elastic constant and y the 
deformation. The minus sign occurs because the force needed tO 
deform an elastic material by an amount yis described by F=ky, 
iy + PE pock on whatever is producing the distortion 

=—ky. 5 type of force is ill in Fi it 18 

im pep d i illustrated in Fig. 35.2, and it 
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у 20 
EQUILIBRIUM. 
| POSITION 


| 


А REPRESENTATION OF A FORCE DESCRIBED BY 
F = -KY, THE TYPE THAT RESULTS IN S H.M 


Procedu | Fig. 35.2. 
l. Set up the apparatus as shown in Fig. 35.3. 

anise Attach a suitable mass (т) say 1 kg at one end of a helical 

8. Suspend the spring vertically. 
is A Pull the weight down through a small distance and let it 
executin, mass suspended by the lower end of the spring would start 
with th S vertical oscillations. Find the time for say 10 oscillations 
and he € help of stop-watch and then calculate its time-period (T) 
the foren the spring constant (k) of the helical spring from 


T=2 m 22 4n? m 
5 Vi от T 
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Fig. 35.3. 

4. Also determine the value of the 
measuring its extension by a known force as 
This will help you in checking its value. 
Observations and Calculations : 


Mass of the load 2mc-...... kg 


spring constant (k) by 
explained in Expt. 32: 


Least count of the stop-watch —...... sec 
S. No. | No. of vertical Time (t) for n Time Period 
oscillations vertical oscillations in Sec 
() Tes 


193 


2 
Spring Constant (k)= E 
mee Nm 
Verification : 
S. No.| Force Pointer reading in Extension Spring 
(F) mm (e) constant 
in N in mm rot 
Loading exe Mean (n Nm7) 
| 
| 
| 
Sg 
Mean Value= 
Result : 
Spring constant (k) 
Of the given helical spring=......Nm™ 


Precautions : 

[Same as in Expt. 32.] 
Precautions : 

(1) to (4) same as in Expt. 32. Mee 

(5) While oscillating the spring see that the amplitude o 
oscillations is small and the spring oscillates in a vertical plane. 

(6 i carefully and for this purpose employ 
Ап моо бычагы “Phe time periods occur squared in the 
;Ormula and hence any error committed in their evaluation will 
Introduce double the error in the results. 
Sources of Error : 

(Same аз in Expt. 32). 

ORAL QUESTIONS 


(Same as in Expt. 32.) 


i 


Experiment 36 : 


(a) To study the relation between length and tension for constant 
frequency of a stretched using a sonometer. 


. (b) Determine the frequency of a tuning fork. 
Apparatus : 


A sonometer, the given tuning fork, a rubber pad, sensitive physical 
balance, weight box, solid kilogram weights, paper rider. 


Theory : 
d wine BRIDGES SCALE 
PEG / N / ERICTIONLESS 
po PULLEY 
WOODEN 
SOUNDING 
BOARD——| 


Fig. 36.1. Sonometer 


When the wire of the sonometer (Fig. 36.1) having certain tension is 
plucked in the middle, it is thrown into stationary vibration having nodes at 
the two edges of the bridges and an antinode in the middle. The volume of 
the note emitted by the wire is considerably increased with the help of the 
sounding board due to the forced vibrations imposed by the vibrating wire 
upon it and the air contained therein. 


When the note emitted by the sounding length of the wire is in unison 
with the tuning fork, the frequency ‘n’ of the later is given by 


nel fT „үт 
where = wave length 
l = length of the vibrating segment of the sonometer wire 
T=Tension applied to the wire 
=Mg where M is the total mass suspended from the wire. 


т = mass of the wire per unit length. 
Procedure : 


(1) Check that the pulley of the sonometer is frictionless and 
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then stretch the sonometer wire with a suitable known tension by 
Placing weights on the hanger. Sound the tuning fork by gently 
striking it at the end of a prong against a soft rubber pad and place 
it on the top of the sounding box, A loud sound will be heard. Now 
Starting with a small length of the wire between the bridge, *pluck 
in the middle so as to excite its fundamental mode of vibration and 
compare its note with that of the tuning fork. 
‚ (2) Now shift the position of one of the bridges so as to 
Increase {һе length of the sounding wire till the frequency of the 
tuning fork is very nearly equal to that of the wire. . This will be 
apparent from the appearance of beats; when the two are sounded 
together. Shift the movable bridge slowly till the beats appear to 
© drawn out, meaning thereby that the number of beats diminishes 
and the frequency of the wire approaches that of the tuning fork. 
Finally move the bridge further till the beats disappear and the two 
аге in unison. 
Ifin this position a small paper rider (V-shape) be placed оп 
the middle of the wire, it will be energetically thrown off. 
(3) Now measure carefully the resonant length of the wire 
between the bridges on the scale. 
(4) Repeat the experiment twice for the same load. «Take threo 
ets of observations for three different loads. 
(In the process of increasing the load on the hanger, be care- 
ful not to stretch the wire beyond the elastic limit.) 
. (5) Next cit off a length (preferably one metre) of the wire, 
Weigh it in a sensitive physical balance and thus determine its mass 
Per unit length and then calculate ‘n’ from the formula given above. 


Observations : 


Length of the wire (between 


Load |5 the bridges) in unison 
S. lapplied gs we) 
9.| (M) |51 
kg 5| (1) | (2) | GY | Mean 
ст |cm jem | (l)cm 


"Avoid the use of finger nails in this process. 


E 
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Calculations : 
Length of the wire =a=......cm 
Mass of length ‘a’ cm of wire=x=...--.g 
8 x 
Mass per unit length=m= a Ui g/cm 
zl. Te 
Now п= = 
=1 [мв 
IN m 
where g= Acceleration due to gravity at a place. 
Spates d а cipium 
Hence п im B 
п... Vibs./sec (or cycles/sec) or hertz. 


Note: We can also calculate ‘n’ from the graph between 
T (=Mg) and /*, which is a straight line. From this graph read off 
T and /? for any point lying on it and calculate the frequency “>. 


Result : 


(a) Since VME _ М Tension _ 
ү constant, therefore Wavelength constant 


(b) the frequency of the tuning fork 
(i) as determined experimentally —............ Hz 
(ii) as given on the fork itself=... 


Precautions : 


tee 1. The sonometer wire should be uniform and free from 
nks. 


2. For bringing the wire in unison with the tuning fork, 


start with'a small length of the wire and alter the length in small 
increments. 


3. Unison should always be tested by the method of removal 
of beats. 


4. While finding out the tension of ire, do t 
to add the mass of the hanger. ru ete еи 


5. While increasing the tension of the wi 
. wire, be careful that 
the wire is not stretched beyond elastic limit. For this purpose, 


before starting the experiment have an ide i 
А 2 ) а of the magnitude of the 
аи of the given wire with the help of Table of Physical 
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1 6. Theexcited tuning fork should be placed vertically with 
its stem pressed against the top of the sounding box. 

7. Thetuning fork should never be struck against a hard 
surface and when excited should be held in hand with its stem. 

8. After completing the experiment remove weights from the 
hanger. Under no circumstances should the wire be left in a stretched 
condition. 

9. In plucking astring to excite its note, care should be 
taken to avoid touching the string with the finger nail as this may 
introduce overtones. The string should be pulled aside between the 
thumb and the finger. 

Sources of Error: 


1 Ts 
l. In the derivation of the formula n—3r L it has been 


assumed that the wire is perfectly flexible. Hence due to the rigidity 
of the experimental wire, an error shall creep in the result. 

2. If the wire is not uniform or if its composition is variable, 
then also the result will be erroneous. 9 

3. In this horizontal pattern of the sonometer, there is always 
‘Present some friction at the pulley ; hence the value of tension is less 
than that actually applied. This consequently affects the value of the 
frequency. Moreover the tension on the two sides of the bridges may 
Not be the same. 

... 4. There is always some practical difficulty for the ear (spe- 
Cially when it is untrained) to establish perfect unison in two musical 
Sounds. 

ORAL QUESTIONS 


Q. 1. How is sound produced ? › 
Ans. Sound is produced due to vibration of a body. 


Q. 2. Can sound travel in vacuum ? 

Ans. Sound cannot travel in vacuu! 
Necessary for its propagation. 

Q. 3. What is a wave motion ? 1 E y M 

Ans. Wave moti isthe disturbance whic vels í 
material mediun Aug АВА б the repeated motion of the particles 

€ medium about their mean position ; the motion being handed 
Over from one particle to the next. 

Q. 4. Define S.H. Motion; Vibration; Time Period ; Fre- 
quency ; Phase ; Phase difference and Ardea Apo a 

Simple ic Motion (S.H.M.): A particle із said tot 
executing S H Mot iis acceleration is always proportional to its 
«Stance from some fixed point in its path and is always directed 
wards that point. 


m. A material medium is 
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Vibration. One vibration is the to and fro motion between 
two consecutive passages of the particle in the same direction. 


Time Period (T). The time taken to complete one vibra- 
tion is called the time period. 


Frequency (п). The number of vibrations completed by the 
vibrating particle in one second is called the frequency. 


Phase. The phase of a vibrating particle at any instant is its 
state as regards its position and direction of motion at that instant. 
It is measured either іп terms of angle that the particle has descri- 
bed or the time that has elapsed (measured as the fraction of time 


period T), since the particle last passed through its normal position 
in the positive direction. 


Phase difference. Phase difference between two particles indi- 
cates the extent by which the two particles are out of step with each 


other. It, too, is measured by the time (denoted as a fraction of T) 
by which ore particle is ahead of the other. 


Amplitude. The maximum distance covered by the vibrating 


particle on either side of its mean position is called is amplitude 
(Fig. 36.2) 


AMPLITUDE 


Fig. 36.2 
Q. 5. What are the types of Wave Motion? 
Ans. (1) Transverse wave motion. 
(2) Longitudinal wave motion. 
Q. 6. What is a transverse wave 2 
Ans. It is a wave in which the particles of the medium in 


which the wave propagates, vibrate along a line which is perpendi- 
cular to the direction of Propagation of the wave. 


Sound travels in the form of tratisverse waves in strings. Light 
Ís a Transverse Wave. 


Q. 7. What is а longitudinal wave ^ 
Ans. A wave motion in which the indivi i f the 
Medium vibrate back and forth alon Ee 


> Г the directi tion 
of the wave is called a longitudinal Wave Reli a 
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Q. 8. Define wave length. 


Ans. It is the distance travelled by the wave during the time 
the vibrating particle or any other particle of the medium of propa- 
gation completes one vibration. It is denoted by the. letter А 
(Fig. 36.2). 

Q. 9. Can transverse waves be produced in air ? 

Aus. No, because air does not possess elasticity of shape. 

Q. 10. What types of waves are sound waves ? 

Ans, Sound waves are longitudinal waves. 


Q.11. What is the relation between frequency and time 
period 2? 


Ans. The reciprocal of time period is called frequency. 


п=— 


T 


Q. 12. Why is the tuning fork so-called? 

Ans. Becauseit produces a musical sound when struck and 
has the shape of a fork. 

Q. 13. Why the tuning fork has two prongs ? i 

Ans, Firstly in order to have a node between the two anti- 
nodes which are produced at its ends. Secondly if there is only 
One prong the vibration will die out as soon as the stem is touched. 

„Thirdly the two prongs reinforce each other and maintain 

vibrations for a longer time. P 

Ф. 14. What are the factors on which frequency of a tuning 
Sork depend ? ' 

Ans. It depends upon the length, thickness and the material 
9f the prongs. 

It is inversely proportional to the square of the length of the 
Prongs, It is directly proportional to the thickness of the prong. 

Q. 15. Of what material the tuning forks are made ? 
- 1. Ams. Generally these are made of steel because its elasticity 
i high and.density low. This is because the frequency of a tuning 
Ork is inversely proportional to the square root of the density of 
the material of the fork and directly proportional to the square root 
Of the elasticity of the material of the fork. 
fork з 16. What is the effect of temperature on the frequency of a 
prong ABS, The increase im temperature increases the length ofi the 

ongs and thus frequency is decreased. 
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Q. 17. How is the effect of temperature minimised ? 


Ans. By making the tuning fork of an alloy called a 
which is made of steel, nickel and chromium. It has a very low 
temperature coefficient. 


О. 18. Why do we strike the tuning fork on the rubber pad ? 


Ans. To strike it gently so that only fundamental note may 
be produced. 

Q. 19. What is the effect of loading the prongs with wax ? 

Ans. The frequency of the fork decreases. 

Q. 20. What is the effect of filing the prongs ? 

Ans. The frequency of the fork increases. 


Q. 21. Why do the vibrations of the tuning fork stop after 
sometime ? 


Ans. Due to frictional force of air. 


Q. 22. What is the relationship between velocity of wave motion 
frequency and wave length ? 


Ans. V—nÀ where V— Velocity of sound 
n=frequency 
and A=wavelength 
Q.23. What type of vibrations are produced in prongs and 
the stem of the tuning fork? 


Ans. The free ends of the fork perform transverse vibrations 
while the longitudinal waves are produced in the stem, 
Q. 24. 


Sones What happens if we strike the tuning fork with a great 
orce 


Ans. It will not give pure note but overtones may be 
produced. 


Q. 25. Why does the fork remai ibrati; hen we hold 
it Ey the handle d fe n vibrating even whe 


Ans. Because the ha 


А ndle performs longitudinal vibrations 
which are not Stopped by t 


ouching. 


Q. 26. Why does the tuning fork give a pure note only 1 
Aus. Because the fir 


: St overtone is very weak, It is about six 
*etaves higher than the fi undamental note, 1 


m TEE Why does the tuning fork stop vibrating when we touch 


Ans. Because the prongs e ibrati hich 
ic 
А а Prongs execute transverse vibrations w 
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н = 28. Does the frequency of the tuning fork change with 
time 


Ans. No; it remains same. Only the decrease in amplitude 
decreases the loudness of the sound because the intensity of sound 
is directly proportional to the square of the amplitude. 


Q. 29. What is the difference between a note and a tone ? 

. Ans. A note is a sound of definite frequency produced by a 
Periodic complex vibrations where as a sound produced by a pure 
Sine vibrations is called a tone. 

Q. 30. What is a fundamental note ? 


Ans. The note produced of lowest frequency is called a funda- 
mental note. 


Q.31. What are overtones ? 

Ans. The notes of the higher frequencies other than funda- 
mental note are called overtones. 

Q. 32. What is the difference between frequency and pitch? 


. , Ans, Frequency is the number of vibrations made per second. 
Pitch is the physical characteristic of sound depending upon fre- 


quency. The greater the frequency, the higher the pitch and vice- 
versa. 


Q. 33. How do the prongs vibrate even though we strike only 
one? 


Ans. Energy is transmitted from one prong to another 
through the material of the fork and thus both begin to vibrate. 


О. 34. Why is sonometer so called? | 
; Ans. Because it enables us to measure the frequency of vibrat- 
116 body producing sound. 

Q. 35. Why are there holes in the wooden box ? 


Ans, So that internal air and external air may have a direct 
Contact, 


Ө. 36. Why is the wooden box hollow ? 


Ans. Sothat the whole of the air inside the box may begin 
to resonate thus increasing the intensity of the note. 


О. 37. What types of waves are produced in the sonometer 
Wire 2 


Ans. Transverse and stationary waves are produced in the 


Q. 38. What types of waves are produced in the Surrounding 


Wire 


Gir? 


t Ans, Longitudinal and progressive waves are produced in 
he Surrounding air. 
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Q..39. What type of wire should we use ? 

Ans. The wire should be thin, uniform and flexible. 

Q.40. What are progressive waves ? 

Ans. The progressive waves are those in which all the 


particles execute simple harmonic motion and there is a regular 
phase difference between the particles of the medium. 


Q. 41. What are stationary waves ? 


Ans. When two sets of progressive waves, having the same 
amplitude and period, but travelling in opposite directions with the 
same velocity meet each other in a confined space, the result of 
their superposition is a set of waves, which only expand and shrink 
but do not proceed in either direction. These waves are called 
Stationary waves. 

Ө. 42. Why are they called stationary waves ? 


Ans. They are so called because they remain confined in the 


region in which they are produced and are non-progressive in 
character, 


Q. 43. What are nodes? 

Ans. Nodes are those points in the Stationary waves where 
articles are permanently at rest and strain is maximum. 

Q. 44. What are antinodes ? 


Ans. 
where the di 


the р 


Antinodes are those points in the stationary waves 
splacement is maximum and strain is zero. 


Н Q. 45. What is the distance between two consecutive nodes or 
antinodes ? 


Ans. It is equal to half the wave length (4/2). 

Q. 46. What is the distance between a node and an antinode ? 

Ans. It is equal to quarter of the wave length (۸/4). 

Q. 47. What is the function of knife edges or bridges ? 

Ans. The knife edges (or bridges) reflect the sound and 
Produce stationary waves. 

Q. 48. -Is it necessary to keep the wire horizontal ? 


Ans. No, itcan be kept vertical also. 


4 


Q. 49. How is the ener communicated from wire to the 
sound box ? S Л 


Ans. Through the bridges. 


Q. 50. What are the laws of vibration of strings ? 
Ans. The fundamental frequency of vibrating string is inver- 
sely proportional to the length ; directly proportional to the square 
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root of the tension and inversely proportional to the square root of 
the mass per unit length. 
Q. 51. How is the frequency of the wire affected if the wire is 
made hollow ? 
Ans. Its frequency increases because mass per unit length 
decreases. 
Q. 52. What is the function of a V-shaped paper rider ? 
А Ans. The paper rider placed at the middle point (antinode) 
is thrown off when the resonance is obtained. 
Q. 53. What do you mean by unison ? 
Ams. The two notes are said to be in unison if they have 
same frequency. 
Q.54. Why do you start fromthe minimum length of the 
wire? 
Ans. So that the wire vibrates in one segment and we may 
Bet the position of the fundamental note. 
Q. 55. Сап we use a rubber wire in a sonometer ? 
Ans. No, since it is not rigid. The vibrations di 
Q. 56. Why is the sound so loud when we press the stem of 
the vibrating tuning fork against the board? * 
Ans. Due to forced vibrations produced in the sounding 
board which has a large surface area, so greater is the loundness. 
Q. 57. What do you mean by, sympathetic vibrations (or 
Resonant vibrations) and Resonance. y 
Ans. Sympathetic (or Resonant) vibrations are those which 
are produced in a body due to the presence of a neighbouring 
Vibrating body of the same frequency. The phenomenon 1$ called 
Resonance. 
Q. 58. What are beats ? 
Ans. The alternate waxing and 


notes of nearly same frequency are soun 
Phenomenon of beats. 


Q. 59. What are the limits of audibility ? | 
Ans. Wecan hear sounds between the frequencies varying 


from 20 to 20,000 cycles per second. 
Q. 60. What will be the nature of t 
Ans. Hyperbola. 


Q. 61. What type of graphs will be between 


(b) nè and T (c) I? and T? 
Ans, Straight lines. 


^ 
e out quickly. 


waning of sound when the 
ded together is known as 


he graph between ‘n’ and T ? 


(a) n and г. 
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Q. 62. What type of graph do you expect between n and T ? 
Ans. A parabola. 


Ф. 63. How will the length between the bridges change if 
(a) tension is doubled. 
(b) A tuning fork of double the frequency is used. 
(c) radius of the wire is doubled. 
Ans. (a) The length will become ¥2 times the first length. 
(b) and (с). The length will become one-half. 
Ф. 64. What are the uses of a sonometer 1 
Ans. A sonometer is used 
(a) to determine the frequency of a tuning fork. 
(b) to determine the weight of a given body. 
(c) to verify the laws of vibrating strings, etc. 
Q.65. Drawa d 
vibrating tuning fork. 


Ans, 


lagram showing nodes and antinodes on a 


Fig. 36.3 


_, Q.66. Will the resonant | i have 
different Srequency but keep the ОЛ d qnte Wie 5 
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Ans. Yes; the resonant length will change as the frequency 


is inversely proportional to the resonant length of the wire keeping 
tension constant i.e., 


т=п, | provided the load is the same. 


Q. 67. How does the friction at the pulley affect the result ? 

Ans. Dueto friction the value of tension (T)is less than 
that actually applied. This consequently affects the value of the 
frequency (n) as n oc. T. 


Experiment 37 : 

‚То study the relation between frequency and length of a stretched 
String using a sonometer. 
Apparatus : 


A Sonometer, wire, hanger, half kilogram weights, two wedges, 
| wooden blocks, 3 tuning forks of different frequencies, a pair of 
Scissors, sensitive balance, a weight box, a metre rod, and a rubber 

ammer. 


Theory : 
(Same as in Expt. 36). 
Procedure : teni 
Proceed as in Experiment 36 and keeping the sameeren 
find the length of the wire which vibrates in resonance with each of 
the tuning forks. 
Observations and Calculations : 
Load including the hanger =-.....:.... kg 


Distance between wedges 


Frequency (in cm) wa 
S. No, (n) [ee o 
Length Length : Mean 
Hz increasing decreasing W) 


ae eI eee 


1. 
2. 


3. 


Verification + Since n X I—constant, the law of length is verified i.e., 


АК 
eT 
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Precautions : 

(Same as in-Expt. 36). 
Sources of Error : 

(Same as in Expt. 36). 


ORAL QUESTIONS 
(Same as in Expt. 36.) 


Experiment 38. 


To study the relation between length and diameter for same 
frequency and tension of a stretched String using a sonometer. 
Apparatus : 

A sonometer, 3 different wires, a hanger, half-kilogram 
weights, two wedges, wooden blocks, a tuning fork- of known 
frequency, a pair of scissors, sensitive balance, a weight box, a 
metre rod, a rubber hammer and a screw gauge. 

Theory i 


(Same as in Expt. 36). 


1 [m 
Wrap у 


where m —mass per unit length of the wire. 

—l.mw -q P where D=diameter of the wire 

and p=its density. 

_ xD? 

= aa: e 
: =z) T.4 
ki 772 N тур 

orn =—— тг 
np 


Since n, T and ¢ are Constant so 
/D=constant 


1 
or (iS D 
/ D 
Procedure : 


1. Stretch the wire with a load 
and find the length of the wire which 


of 4 kg inclüding the hanger. 
given tuning fork as explained in E 


Vibrates in resonance with & 
xperiment 36, 


2. Find the diameter of this wire as explained as Expt. 3. 
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3. Repeat with the same load and the same tuning fork for 
three different wires, 


Note: The wires may be of different materials and different dia- 
meters. 


Observations and Calculations : 


Load including the hanger =. à 
Frequency of the tuning fork =n 


Length of the wire giving note Corrected 
Wire of frequency n (in cm) Diameter of IxD 
No. the wire 
(D) in cm 
Increasing peres Mean (1) 
++ 
natin: 


SIA AR 
Diameter of the wire : 
Least count of the screw gauge =.....:.....CM 


Zero error— ..- 
Zero correction=- 


Verification : 


1 
Since / x D—constant so / oc D 


Result : 

For the same frequency (n) and tension (T) of a stretched 
string of a sonometer, the length (/) of the string is inversely pro- 
portional to its diameter (D). 

Precautions : 
(Same as in Expt. 36). 
Sources of Error : 

(Same as in Expt. 36). 

ORAL QUESTIONS 

(Same as in Expt. 36). 

Experiment 39 4 7 

To determine the frequency of A.C: mains using a sonometer. 
Taking the frequency of А.С. mains as 50 Hz, calculate the percen- 
tage error, 

Apparatus H 

A vertical pattern sonometer, (or Horizontal Sonometer), a 
Solenoid with a soft iron core, a pan (or a hanger), half kg-weights, 
chemical balance and weight box. 


SOLENOID 
' BRIDGES 


IRON WIRE 


Fig. 39.1 Vertical sonometer for frequency“of A.C, mat « 
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AC MAINS 


STEPDOWN 
| TRANSFORMER 


Fig. 39.2. Horizontal sonometer'for frequency of А.С. mains 
Theory : 


The apparatus consists of a vertical pattern sonometer re 
39.1) on which is stretched an iron wire. A solenoid having А iron 
number of turas of insulated copper wire and carrying a soft f the 
core along its axis is clamped near the middle of the segment ies a 
wire between the two bridges. The lower end of the wire carr 
Pan on which suitable weights can be placed. i 

If an alternating current is passed through a solenoid hav! 

a softiron core, th 

each cycle of altern 
tion of the cu 
polarity whe 
the sonometer w 
during each cycl 


ing current be *n', the wire shall be 


nit 
ire be ‘T’ and ‘m’ be the mass gene is 
fequency of vibration ‘N’ of the 
given by 
S m. 
naz] I where I is the resonant length of the W 


N 
The frequency (n) of the А.С. mains will be equal to 77 


211 


Hence, n=N/2 


zb em 
or n= TH 


Note. Another variation of the apparatus is the horizontal 
pattern sonometer (Fig. 39.2) on which is stretched a brass wire. 
The alternating voltage is stepped down to say 6 volts by means of 
a step-down transformer and then is connected to the wire as 
Shown. The wire passes between the pole pieces N and S of a 
Permanent horse shoe magnet. The wire therefore experiences an 
alternating force due to the field of the magnet on the current in 
the wire, and for a particular length of the wire between the bridges 
ìt is thrown into resonance as is evidenced by a large amplitude. 
This condition is achieved when the frequency of the alternating 
current passing through the wire is equal to its mechanical frequency 
of vibration ; which is given by the formula 


AS mr] 
oT A eal 


The vertical pattern is preferalle to the horizontal one, since 
the friciion at the pulley is completely eliminated. 


Procedure : 


l. Before starting the actual experiment, have an idea of Ше 
breaking Stress for the material of the wire from the Table о 
Physical constants. From this calculate the breaking tension 

7-breaking stress x area of cross-section of the wire) for your Min 
uring subsequent experiment the weight in the pan should not excee 


half the breaking tension. 


2 Suspend the sonometer from the nail on the 
that the pan provided below stays clear of the wall. 
load on the pan. ? 

3. Switch on the current and adjust the core of the solenoid 
near the middle of the wire between the bridges. 

i i j length of the wire 

4. With the help of the bridges adjust the h 
till it begins to Mint under the influence of the magnetic field 
Provided by the core. During this adjustment the core should 
always be placed near about the middle of the vibrating wire. 


p Wr D. 
Now b ight delicate adjustment attain a'position when 
the wire is EUR violent resonant vibration and the amplitude 


15 maximum, 


walland see 
Puta suitable 
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5. Switch off the current and measure the length of the 
vibrating wire by holding a scale on the bridges and avoiding the 
error due to parallax. Record the tension which should include the 
mass of the pan or the hanger. 


6. Vary the tension in suitable steps and obtain the corres- 
ponding lengths of the vibrating wire. 


7. Now weigh in а chemical balance a known length (say 
100 cm.) of the sonometer wire and thus calculate mass per unit 
length of wire (m). 


8. Calculate the frequency ofthe A.C. mains as indicated 
below. 


Observations : 
Mass of 100 cm of wire=...g 
Mass per unit length—m-...g/cm 


eee a 


Tension applied | Length of the 


S. | to the wire (in- Resonating Mean Tension n Mean 
No. | cluding mass of wire (T) in dynes (P) 
pan) [2] 

I |р dynes | ‘cm | [oe 

а ВАЕ ues Т. Up "M С» 

So HA E A qos СЕТ dynes j <... 

EN cm? 

4. 


Calculations : 


Substituting the means values of T and /? in the formula 


D EN I ГГ» 
pui (2 
16, y 
hi اس‎ = 
we have n m (a) 


Hence п==...........Н7. 
Result : 
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Precautions and Sources of Error ; 


ak l. The sonometer wire should be uniform and free from 
inks, 


2. For bringing the wire in resonant vibration, start with a 
small length of the wire and increase the length in small steps. The 


Solenoid should be so Placed that the iron core is situated close to 
the middle of the wire. 


3. While finding out the tension of the wire, do not forget 
to add the mass of the pan or of the hanger. If a sonometer 
employs a spring balance note down the zero error, if any. 


4. While increasing the tension of the wire, be careful that 
the wire is not Stretched beyond elastic limit. For this purpose, 
before Starting the experiment have an idea of the magnitude of the 


breaking load of the given wire from the Table of Physical 
constants, 


5. In the derivation of the formula v=,/ I. it has been 


assumed that the wire is perfectly flexible. Hence due to the 
rigidity of the experimental wire an error shall creep in the result. 


6. If the wire is not uniform or if its composition is variabie 
then also the result will be erroneous. 


The tension on the two sides of the bridges may not be 
the same. 


8. If the horizontal pattern of the sonometer is employed, 
there will be an additional Source of error. There may be friction 
at the pulley, hence the valuc of tension is less than that actually 
applied. This consequently affects the value of the frequency. 


ORAL QUESTIONS 
[For Questions on sonometer see Expt. No. 36.] 
Ө. 1. What do you mean by A.C. máins ? 


; Ans. “Main” stands for the alternator or the machine which 
18 Supplying current to the town. ‘AC.’ means that the current 
Supplied by the generator is not unidirectional but is alternate = 
nature i e,, the current is varying at every instant and after a fix 
Interval of time it even gets reversed in direction (Fig. 39'3). 


Q. 2. What is meant by the frequency of A.C. ? 


Ans, If, ata articular moment, an alternating current 
has a Certain "Value T d is just going to commence a certain set of 
Variations, then the time which elapses between this instant and 
the Moment when the current has the same value and is going to 
commence an identical set of variations is called the period and the 
“umber of periods in one second is called the frequency. 
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An alternating current is represented by 
I=I, sin 0 M E =" 
ig. 39.3 represents the type of variations, the current 
ШШЕ baits А, B, C..are in the same phase. The time 


y ڃو‎ 
Fig. 39.3 


taken for the wave to travel from A to B is one period and the 


number of such variations in one second will give the frequency of 
the А.С. 


Q. 3. What is the frequency of the mains of Delhi supply ? 
Ans. It is 50 cycles per second or Hz. 
Ф. 4. What is meant by the statement “50 cycles[sec" 1 


Ans. It means that in one second the current flows 50 times 
in one direction and then 50 times in the reverse direction. 


Q. 5. Does the current become zero also in this process 1 
Ans. Yes, It does. 

О. 6. How many times in one second 1 

Ans. 100 times in one second. 


Q.7. What types of waves are being produced in the wire of 
the sonometer in this experiment 1 


Ans, Transverse Stationary waves. 

Q. 8. What is the distance between a node and an antinode ? 

Ans. It is equal to à i.e., equal to one-fourth of the wave 
length, 

Q. 9. How do you test resonance in this experiment 1 


Aus. We test the resonance by placing the iron core of the 
solenoid near the middle of the wire between the bridges. Reson- 
ance takes place when maximum amplitude is obtained. 


Q. 10. What is the construction of the solenoid 1 


. .Ans. It consists of a large number of closely wound turns of 
sa copper wire, along the axis of which is placed a soft iron 
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Q. 11. During the adjustment for the resonant length, we 
change the position of the solenoid. Why do we do so 1 


Ans. Each time we put the solenoid in such a way that the 
core is near the middle of the wire between the bridges. When 
the wire vibrates, an antinode is situated at its middle point, and 
E oe point, we place the core so that it applies maximum pull 

Q. 12. If an antinode is formed at the middle point of the wire, 
then there must be nodes somewhere. Where are they ? 


.. Ans, They are situated at places where the wire touches the 
bridges. 


Q. 13. What is this distance between the nodes equal to ? 


А A 
Ans. Itis equal to 7 i.e., equal to half the wavelength. 


b Ф. 14. Then the frequency of the vibrating wire should be glven 
y the ordinary sonometer formula. Is it not? 


Ans. Yes. It is. 


b Q. 15. Then the frequency of the mains will also be obtained 

y the same formula, since the two are in resonance. Is it now so 1 

A Ans. No. Itis not exactly so. To get the frequency of tbe 
.C. mains we value the frequency of the wire. 


Q. 16. Why is it done so? 


. Ans. When alternating current is passed t і 1 
noid, the iron core situated within it is temporarily magnetised twice 
uring each cycle of alternation—first with one polarity when the 
Oscillation of the current is in one direction, and then with the 
Opposite polarity when the current flows in the opposite direction 
uring the next half cycle. Now the sonometer wire is held quite 
Close to the core, consequently it is pulled twice during each cycle 
Of the current. Obviously, if the frequency of A.C. be ‘n’, the wire 
mn be pulled ‘2m times per second. If the length and tension of 
fhe wire is so adjusted that its natural frequency 1з also 2n, the wire 
ki thrown in resonant vibration and the amplitude of vibration of 
е wire becomes maximum. It is for this reason that the frequency 
pf the sonometer wire is first calculated with the usual sonometer 
Ormula and then to evaluate the frequency ofthe A.C. mains, the 


result is halved. 


Ca Q.17. You are using an iron wii 

E you use a brass wire ? be used, but in that case 
Ans. Yes. A brass wire can also be used, but in 7 

the wire should carry a D.C. through it. Now the wire shall 

"Xperience an attractive force due to the core of the solenoid. 

ternatively, with a brass wire the arrangement of the sonometer 


can be modified. 


hrough the sole- 


re here in this experiment. 
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'Q.18. How? 


e pole pieces of a per- 
action of the magnetic 
e, the latter experiences 
changes direction during 
consequently the wire begins to 


manent horse-shoe magnet. 
field of the ma 
a force tending it to move. This force. 
each half cycle of the current, 


Q. 19. Inthis case when is the wire thrown into resonant 
vibration ? 
Єў Ans. Resonance Occurs when the mechanical frequency of 
j the transverse. vibrati f 


toas of the stretched wire equals that of the 
A.C. Thus the frequency of the A.C. mains is given by the formula 


єл. ity 
"шш 
How can you determine 


Q. 20. 
experienced by a wi, 


the direction of the force 
re carrying current an 


d placed in a magnetic field ? 


Tection of the force by using 
follows ; 


rst finger, the midd 


Ans. Wecan determine the di 
Fleming’s Left Haud Rule which is as 
Stretch the fi 
your left hand 
to each other. 


et represents the direction of the 
magnetic field, the middle finger gi i 
the wire, then the thumb wi 
direction of motion of the 
‘iment 40: 


To find the difference in the frequencies of two tuning forks by 
counting their beats and identifying one of higher Srequency. 
Apparatus : 


ass (а Small 1 1 LI plasticine or wax ог 
sto oad with adhesive 
P-clock, 


Beats 5 


“їйїн M 


VARIATIONS OF AMPLITUDE IN BEATS 
Fig. 40.1 
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When two pure notes of nearly the same ‘pitch are sounded 
together, periodic variations in the intensity of the.sound are heard. 
These alterations of sound and comparative silence are te1med beats. 
They can be plainly recognised when two tuning forks of nearly the 
Same frequency are set in vibrations together. If the forks have 
Irequencies N, and № respectively, the number of beats per second 
is the difference between these frequencies, п= № — №. Неге N, is 
Supposed greater than Ns. 


This result can be explained by the principle of interference. 
The velocity of propagation is the same for the two notes, but the 
Wavelengths differ slightly. Where the waves agree in phase they 
Will strengthen each other, but where they are opposed they will 
Deutralise one another (Fig. 40.1). Let us take a starting point an 
Instant when waves from the two sources reach the ear in the same 
Phase. Atthe end of one second, the higher note has made N, 
Complete vibrations, the lower note only Ng, that is, the higher note 
as made (№—1,\ mare vibrations than the lower. During the 
Second, one system of waves has been falling behind the other, and 
the loss amounts to (Ni—Nsg) wave lengths. Hence there must have, 
been (Ni—N,) occasions in the course of the second when the two 
Systems agreed in phase, and (N,—Nj) occasions when the phases 
Were opposed so that there was comparative silence. In other words, 
the number of beats in one second п= №—М№,. 


PLASTICINE 
OR 
MOVABLE MASS 


| 


TUNING FORK 


AC TET TTT 
i 


| a 
Umm 


| RESONATING 
MT) _ WOODEN BOX 


Fig. 40.2 
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If the two notes are nearly in unison, the beats are very slow 
and it is difficult to distinguish them. On the other hand, if the 
number of beats is more than four per second, it is difficult to count 
them. When the beats become so rapid that they cannot be sepa- 
rately perceived, a discord or dissonance is produced. 


Procedure ; 


1. Take two tall tuning forks of the same frequency mounted 
on resonant wooden boxes. Make their frequencies slightly different 
by loading one by plasticine or wax or by tightly attaching a small 


load by adhesive tape so that it can be clamped at any part of the 
prong (Fig. 40.2). 


Note: Both the tuning forks must be of rather good quality and 
, must give audible sound forabout 8 to 10 seconds inspite 
of dissipation of energy in the resonating box. 

2: Strike the tuning forks with a rubber hammer in quick 
succession, with roughly equal force ; carefully listen to the combined 
sound produced _by the two tuning forks. Gradual increase and 

decrease in the intensity of sound will be heard. It is due to the 


beats produced by the superposition of i ifferent 
Eod perposition of waves of slightly differ 


Count the number of beats ina measured i i 
interval of time. 
The number of beats per second should be determind by counting 
as many beats as possible, taking the time with a stopclock or stop- 
MU agone орыс at each minimum intensity or maximum 

ity. e time taken b 

CURE be y 10 beats or count the number of 
, ,Sound of minimum i 

sity is called one beat. 


3. Repeatthe observations wi i 
S with the mass at other points OP 
e prong and plot a curve showing the relation between the distance 
i зе mis rom the free end of the Prong and the number of beats 


Observations and Calculations : 


intensity and followed by maximum inten- 


Distance of mass from 


Time taken Numb beats 
the Де end of the Number of (O) cia be 
prong beats in sec a 
(em) (a) PET 
EEL OON Ц. 
— — pore CNET. ecc 
1. 
28 


219 


| If Ni is the frequency of the unloaded tuning fork and N, 
is the frequency of the loaded tuning fork and since by loading, the 
frequency gets decreased, so the tuning fork of frequency N, is 
the one of higher frequency. 


Number of beats per second 


пм Ме 


NUMBER OF BEATS PER SEC. —> 


0 DISTANCE OF MASS FROM 
THE FREE END OF PRONG 
Fig. 40.3 
Result : i 


(a) Number of beats per sec. 
(b) The unloaded tuning fork is the one of higher frequency. 
Precautions ; 


be of identical frequency and 


ot. mae Саа да dible sound for about 8 to 10 


should b orks sh 
seconds © of good quality giving au 


2. There should be pin-drop silence in the laboratory. 
force, Strike the tuning forks in quick succession with equa 
4. Place the two tuning forks close to each other. 


maxi): Startthe stop watch either at minimum intensity or at 
mum intensity. 
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ORAL QUESTIONS 
(Same as in Expt. 36) 
Experiment 41: 


To determine the wavelength of sound by taking first and second 
resonance positions and explain the difference, if any and hence 
determine velocity of sound at room temperature and the end correc- 
tion. Also find the relation between frequency and Wavelength. 


Apparatus : 


Resonance tube apparatus, Two tuning forks of different fre- 
quencies (say 480 vib 


[sec or hertz and 512 vib/sec or hertz) or more, 
Celsius thermometer. 


; A rubber pad, Pair;of set squares, A beaker, 
A plumb line, Water, Vernier callipers 


EXCITED TUNING FORK 


Est RESONANCE 


WATER 


RESERVOIR 
A — ANT!NODE E 
N — NODE ia 3A 
ма 
LONG 
GLass 
TUBE 


RUBBER 
TUBING 


PINCH 


VERTICAL 
WOODEN BOARD 


HORIZONTAL 
BOARD 


Fig. 41.1. Resonance Tube Apparatus 
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Theory : 


Resonance is the phenomenon of vibratory motion produced in 
а body by the influence of the vibrations of another body when 
their frequencies are exactly the same. 


An air column can easily be set into vibrations with the help 
of a tuning fork. The frequency of the air column can be adjusted 
equal to that of the tuning fork by varying its length. This can be 
mane with the help of an apparatus called resonance tube 

ig. 41.1). 


The resonance tube apparatus consists of a glass tube PQ about 
L metre long and 5 cm in diameter fixed along a metre scale on a 
Vertical wooden board or stand. The lower end of the tube is con- 
nected by a rubber tube to a reservior (R) which can slide up and 
down along the scale and can be clamped in any desired position. 
A Part of the tube and reservoir are filled with water. By means of 
а Pinch-cock, the flow of water from the reservoir to the tube and 
TOm the tube to the reservoir can be regulated. The base is provided 
With levelling screws. 


Let a tuning fork of frequency ‘n’ be struck against a rubber 
kad and held at the open end (P)of the tube as shown in Fig. 
b :l Adjust the level of water in the tube so that the air column 
;°8ins to vibrate in resonance with the tuning fork and a loud sound 


1 heard. Let us understand what happens when the air column 
resonates, 


When the prong of the tuning fork starts its downward journey 
fom mean position, te sends dowa in the tube a wave of compres- 
‘on that Teaches the level of water at B and is reflected at a denser 
“dium as a wave of compression. If the wave of compression 
reaches P, when the prong of the tuning fork reaches its mean 
position the sound becomes very loud and resonance occurs. It is 
pause the tuning fork after reaching its mean position starts its 
Pward journey and sends down in the tube а. wave of rarefaction. 
ae © Previous wave of compression is reflected at P as a wave of 
the faction since the reflection takes place at rarer, medium (сше 
ii © air inside the tube being in a state of compression 15 compe Я 
убу denser than the outside air. The two waves of rare actions 
à Us, Superimpose on each other producing stationary waves an ү 
indPlitude of the air particles increases, thereby resulting n e 
crease of intensity in loudness. The open end of the tube always 


acts ag i i litude is the greatest and the 
han s op lode аро и sere UE d closed end as a node— 


Bes of ity are zero an 
& poi Pressure and density $ 
dint where the amplitude is zero but the changes of pressure and 


CUsity are Шах ЫШ 
half It is clear from above that d 


of the Vibration, the wave travels a 
air column. Hence the wave trave 


ring the time the prong completes 
istic equal to twice the length 
ls four times the length of 
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the air column during ihe time the prong completes one vibration. 
Since the distance that a wave travels in one period is equal to one 
wavelength, therefore, the wavelength—'A' of the note is four times 
the length /, of the air column i.e., 


a=4h 


Similarly it may be argued that for the second resonance 
position during the time the prong makes three half vibrations the 
wave travels twice the length of the air column as shown in Fig. 


41.1. If ‘I,’ denotes the length, then ЗА ai, 


41 
or Amt —4l, 


1,=31,. 


End correction and velocity of sound at room temperature. 


It has been, however, shown by Lord Rayleigh that the anti- 
node is not just at the open end (P) of the tube but sli ghtly above it; 
во a small correction is to be applied in the observed length of the 
air column. This correction is known as End correction and is foun 


to be 03 D, where D is the internal diameter of the resonant tube. 
Thus for the first resonance 5 


A=4[1,+0°3 D] 


and for second resonance position 


A= $ [eros D] 


Mosa end correction ‘x’ can be determined experimentally 8° 


For Ist resonance h+x= А. E 


and for second resonance ly x= ЗА (i) 
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Multiply (i) by 3 and subtract it from (ii), we have 
З(Һ-+Е+х)=Ь+х 


ai х= Sh 


Subtracting (i) from (ii), we have 


h—l,=À/2 
A—2(h —h) 
Hence V=nA 
| 
or | V=2n (h—1,) 


where V is the velocity of sound at room temperature. 


Procedure : 


1. Set the resonance tube vertical with the help of plumb line 
and levelling screws so that the vertical board is equidistant from 
the thread of the plumb line at every point. 


2. Pour water in the reservoir (R) and the tube (PQ). Test 
the pinch-cock [.е., the water level in the tube does not change 
Whea the pinch-cock is closed and note down the room temperature 
m °С, 


3. Strike gently a tuning fork of known frequency say 512 
hertz on the pid. Hold it above the open end of the tube so that 


B. prongs are horizontal and vibrate in a vertical plane as in 
Ig. 41.1, 


Now adjust the level of water in the resonance tube by raising 
and lowering the reservoir till you hear a sound of maximum 
tne sity. The air column is said to vibrate due to ‘resonance’. Nole 

© Position of the water level with the help of a set square on the 
Scale. Note the length of the resonance air column. This position 
Corresponds to the first resonance position. 


Lower in the tube further by few cms and 
iem close ec Eum raise the reservoir а few сше. 
i gently open the pinch-cock so as to allow the water level to 
Be Slowly. Replace the vibrating tuning fork and note the position 
NS. the water level at which the intensity of sound is maximum. 

91е the length of air column again. The mean of these two read- 
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i i iti king 

s gives the length 4j. Confirm the resonance position by ta 
four Fees two when the water level is falling and the other two 
when the water level is rising. 


4. Lower down the reservoir to the bottom so that the length 
of air column is approximately, increased three times and proceed 
in the same way to find the second resonance position. Take the 
mean of two readings for the second resonance with the water 
level falling and rising to get ‘/,’. Repeat these observations thrice. 

5. Repeat the experiment with another tuning fork of known 
frequency (say 480 Hz) and find the mean of two values of the 
velocity of sound in air at room temperature. : 


6. Measure the internal diameter of th 


е tube with the help оѓ 
vernier callipers in different positions. Я 


7. Note the room temperature with the help of the thermo- 
meter. 


Observations and Calculations : 


Room temperature at the start of the experiment 


==... С 

Room temperature at the end of the experiment 
=h С 

Mean room temperature—t?C— ath mi deb, AE se 

Vernier constant of vernier callipers—............ cm 

Zero correction of the vernier callipers— 


СИЯ “cm 
Observed internal diameter of fhe tube 


0682 
(2). ne -cm 
(3)=.........ст 


Mean corrected internal!diameter (D) 


of the resonance tube=...... cm. 


Position of the upper end of the tube—...... cm 
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Result : 


(i) An air column can be easily set into resonant vibrations 
with the help of a tuning fork. 


(il) Wave length of the sound wave=..-...cm=...... metre 
(iii) Velocity of sound in air at room temperature 
{°С=...... cm/sec=...... m/sec 
(iv) End correction=...... cm 
Precautions : 
.l. The resonance tube should be vertical, 


2. The tuning fork should be gently struck against a soft 
tubber pad. It should never be banged as this process will in time 
cause a slight change in frequency. 


3. The prongs of the tuning fork should not touch the edge of 
the tube and their ends should remain in the centre of the tube. 


4. The resonance should be obtained for water !c7g1 rising ав 
well as falling in the tube, 


5. The tuning fork should not be roughly handled. 


6. Reading of the lower meniscus of the water level should bo 
noted with set squares. 


Sources of Error : 


(1) The presenee of moisture in the tube will raise tho velocity 
of sound. 


(2) Position of the resonance especially second resonance can- 
not be accurately determined, 


Note : Before starting the experiment the velocity of sound in 
cm/s at room temperature is caiculated by Vi=33200+61t where 1 18 
the room temperature and hence the approximate position of the Ist 


resonance is detérmined by hi cm. Now the experiment should 


be started by keeping the water level at this position. 


ORAL QUESTIONS 
Q. 1. Nrme the various types of vibrations 1 
Ans. There are three types of vibrations. 
(a) Free (b) Force and (c) Resonant vibrations. 
Q. 2. What are free vibrations ? 
Ans. When a bod 


88.4: У vibrates with its natural frequency, with- 
Out being disturbed by an ere QUenoys ve 
free vibrations. у any other external force, it is said to ha 
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О. 3. What are forced vibrations ? 

Ans. A body is said to execute forced vibrations if it is made 
to vibrate with a freguency other than its natural frequency by the 
application of some external force. 

5 Q. 4. What are resonant (or sympathetic vibrations) ? What 
iS resonance ? 

. Ans. A body is said to execute resonant (or sympathetic) 
vibrations if it is made to vibrate with its natural frequency by the 
application of some external force having the same frequency as 
that of the body. This phenomenon of producing vibratory motion 
in a body by the influence of some external force (or a second 
vibrating body) having the same natural frequency as the first is 
called resonance. 

Q. 5. What is resonance column ? 

Ans. It is the air column between the surface of water and 
the tuning fork, 

Q. 6. What is the function of water in the resonance tube 
apparatus ? 

Ans. Water acts as a denser medium and reflects the 
longitudinal waves produced in air due to vibration of prongs of 
tuning fork. 

Q. 7. Can we use any other liquid ? Why water ? n 
; Ans. Yes ; any liquid can be used. Water is used because it 
is cheapest of all. 

Q. 8. What types of waves are produced in ү tube ? 

Ans, Stationary Waves (or Standing Waves). 

_. Q.9. Is there node or antinode (i) at the upper end of the tube, 
(ii) at the surface of water ? 

Ans. There is an antinode att 
a node at the surface of water. 

Q. 10. When does resonance occur ? х 

Ans. When the frequency of vibrating air column becomes 
equal to that of the tuning fork and thus maximum sound is pro- 
duced due to resonance. 

Q. 11. What is the use of pinch-cock ? y 

Ans. It is used for adjusting the level of water in the reso- 
nance tube. 

Q. 12. What is End correction ? 

Anus, The reflection. of longitudinal waves at the upper end 
Ofthe resonance tube takes place ata position which is a little 
higher than the open end. This distance above the upper end is 
called End-correction. It is numerically equal to 0'3 times the 
internal diameter of the tube. The error is called End error. 

Q. 13. Can we take resonance tube of square cross-section ? 

Ans. Yes: it can have any shape. 


he upper end of the tube and 
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Q. 14. Why do we use a long tube ? 

Ans. So that we may get two resonance positions and thus 
end correction may be eliminated. 

Q. 15. What is the effect of temperature, density and pressure 
on the velocity of sound 1 ao 

Ans. The velocity of sound is directly proportional to the 
square root of absolute temperature ; inversely proportional to'the 
square root of density while pressure has no effect. 

Q. 16. In which medium is the velocity of sound greatest—iron ; 
water or air ? 

Ans. It is greatest in iron, less in water and least in air. 

Q. 17. Arethe waves in the resonance column and sonometer 
of the same nature ? 


Ans. No;the waves іп resonance column -are longitudinal 
while in sonometer there are transverse waves. 


Q. 18. Are the waves in resonance column and sonometer 
progressive or stationary ? 

Ans. The waves in both the cases are stationary. 
at Q. 19. How should the tuning fork be placed over the resonance 
ube. 


А Ans. The tuning fork be placed just above the open end with 
its length perpendicular to the length of the air column. 


Q. 20. Why do you take two positions of resonance in the tube? 
Ans. To eliminate End-correction. 


Q. 21. Why is the first resonance produced at a distance of 4 


and not at ES 7 
Ans. Under the condition of first resonance, the resonating 
length of the tube is travelled twice by the compression and twice 
y the rarefaction corresponding to one wavelength (A). There- 


fore the resonating length of the tube is one quarter (+) of a 


wave length. Moreover this resonating length is the shortest length 


of the resonance column of air, with an antinode at the open end 
and a node at the water surface, 


Q. 22. Why do you get the second position at ox. three 
times the first resonant length ? ead 


Ans. In the second position at resonance, the fork completes 
three vibrations in the time the sound travels four times (two times 
compression and two times rarefaction) the length of the tube. 
Therefore, in this case the length of the air column is equal to three 


quarters of the wavelength Le., approxi 1 
p EE g Pproximately three times the first 
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Q. 23. Why is the second resonance feebler than the first ? 

Ans. At the second resonance, the vibration in the air column 
corresponds to the first overtone which is very weak. 

Experiment 42: 

To compare the frequencies of two tuning forks using the reso- 
nance tube and find the end correction. 
Apparatus : 

(Same as in Expt. 41). 

Theory : 

(Same as in Expt. 41). 
Procedure : 

1. Proceed as in Experiment 41 and find the length of first 
resonance air column (/,) and the length of second resonance air 
column (/;) with tuning fork of frequency тз. 

2. Repeatthe experiment with another tuning fork of fre- 
quency п, and find the length of first resonance air column (І) and 
length of second resonance air column (/^;). р 

3, Fnter the observations & calculations in the table given 
On page 228. 
Verification : 


(а (Ce values of n, and п; are written on 5. 
nii LE tuning forks. 
(ii) End Correction: 
Vernier constant of vernier callipers—------cm 
Zero correction of vernier callipers =....cm 
Observed internal diameter of the tube 
(Т) ст (2) <<... cm (3) eese cm 
Mean corrected internal diameter (D) 
of the resonance tube =......cm 
End correction—x—0'3D-—-..--cm 
Result : 
i n UN 
(D APT Ur ine. C ATE 
(ii) End correction cm 


Precautions : 
(Same as in Expt. 41). 
Sources of Error : 
(Same as in Expt. 42). 
ORAL QUESTIONS 


(Same as in Expt. 41). 


Observations and Calculations : 


Tuning fork | S. No, | FIRST RESONANCE | Mean | SECOND RESONANCE | Mem | m _ ` End correction 
vf frequency һ) (la) ns 0) 
ст Уел ч алг мтап. тст 
Position of water level Posttion of water level 
| Falling] Rising | Mean Falling Risinz | Mean | 
1 е: 1,—3l, 
2 
m 2 = L= cm 
3 
1 | з I'4—3i' 
PEE T 
na 2 = с 
3 


0Е2 
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TABLES OF PHYSICAL CONSTANTS 


SOME USEFUL CONSTANTS 
AND TABLES 
TABLE 1 
Densities of Some Common Substances in kg. m? 


Asbestos =2400 
Alcohol (ethyl) =790 
Alcohol (methyl) =810 


Graphite 
Glass (Crown) 
Glass (Flint) 


eae ; =2500 Glass (common) 
luminium =2700 Ice 
Soa =1200 to 1500 Platinum 
: ood =600 to 800 Rubber (India) 
ron (wrought) =7850 Sand 
ой (саз!) =7600 Marble 
Bas =8400 to 8700 Mercury 
Ө dm =8900 Lead 
ET =180 to 260 Copper Sulphate 
S in (old) =10300 Crystal 
ың «1590 Silver 
© е =7700 Kerosene Oil 
tainless steel =7800 
Glycerine =1260 Turpentine Oil 
Spirit =830 wal n 
Petrol =800 Milk 
aa Chloride =2150 Zinc 
old =19300 Manganin 
TABLE 2 


Acceleration due to g 


places in I 


Longitude and Elevation 


Ts g (mjs*) 
Agra 9.7905 
Aligarh 9:7908 
Allahabad 9-7894 
Banaras 9:7893 
Bombay 9:7863 


Calcutta 9:7880 


Lat. Long. 
(N) (E) 
27°12’ 78°02’ 
27°54 78°05 
25°27 81°51 
25°20 83°00 
18°54 72°49 
22°35’ 88°20 


=2300 

= 2500 

=2900 to 4500 
=2400 to 2800 
=916 

=21850 

=910 to 950 
=2300 to 2600 
=2500 to 2800 
13600 
= 11370 


=2100 
=10500 
=200 


= 870 
=900 
=900 
=1030 
=7100 
=8500 


ravity at different 
ndia along with their Latitude, 


Elevation 
(m) 


158 
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Delhi 9:7914 28°40’ 77°14’ 216 
Equator 9:7805 00°00’ na 0 
Jaipur 9-7900 26°55’ 15°47” 433 
Udaipur 9°7881 24°35’ 73°44’ 563 
Srinagar 9.7909 34°05’ 74°50’ 159 
Pole 9:8322 90°00’ na 0 
Madras 9°7828 13°04 80°15’ 6 
Trivandrum 9°7812 8°28’ 76558 27 
Tirupati 9:7822 13°38’ 79*24' 169 
Madurai 9:7810 9°55’ 78°07 133 
Bangalore 9:7803 12°57 77°37 915 
Gauhati 9°7899' 2612 91°45’ 52 
Bhubaneswar 9:7866 20°28’ 85°54’ 23 
а 700 йы LT TAE ESSI ERN 
TABLE 3 


Variation of atmospheric Te mperature and 
Pressure with Altitude 


(At sea level pressure=Standard Atmosphere and Temperature= 15°C assum.) 


c————————lualeu ue mE MEME. 


Altitude Pressure Temperature (°C) 
(metres) (millibars) 

UU Ger МОДЕ su mk __ ш 
0 1013:25 150 
250 983-58 13-4 
500 854°61 11°8 
750 926:34 101 
1000 898-75 8:5 
1500 825*56 52 
2000 794:95 2:0 
2500 74682 12 
3000 701°08 —45 
3500 657°64 -T8 
4000 616-40 —11°0 
4500 57128 —142 
5000 540°20 —17°5 
6000 471°81 ~29°0 
7000 410*61 —30:5 
8000 356-00 37:0 
л 000 307-42 —43:5 
0000 


26436 —500 
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TABLE 4 
Surface Tension of Liquids 
Substance In contact with Temp (°C) Surface Tension 
(107? Nm-) 


Ша С — o ШЕ 


Water Air 10 AA 
Air 20 72:55 
Air 30 7118 
Air 40 69:56 
Jum Air 50 67:91 
Acetic acid Vapour 10 288 
Vapour 20 27:8 
Vapour 50 24:8 
Ethyl Alcohol Air 0 24:05 
Vapour 10 23°61 
Vapour 20 22:75 
Vapour 30 21°89 
Glycerol on 20 634 
Air 90 58:6 
Methyl Alcohol Air 0 24:49 
Air 20 22:61 
Vapour 50 20:14 
Уыт агі 20 470 
: Vapour 100 456 
Oleic acid Air 20 325 
OSCE Air 20 24 
ТАВГЕ 5 
Elastic Properties of Solids 
gene Young's Modulus of Bulk Breaking 
Modulus rigidity Modulus stress 
: (10% Nm-*) (10% Nm-) — (0* Nm?) (kg/mm*) 
Aluminium 7:03 to 7-05 2:61 7:55 20 to 25 
Tass (70/30) 10-06 3°73 1118 30 to 50 
Gu 12-98 9-83 1378 40 to 45 
dor. 78 2:7 217 = 
ice 21-14 $16 1698 - 
c 827 303 10:36 - 
Sil 1 (mild) 2119 822 16:92 40 B 45 
iver 
R T1 to 7:4 2 
War, 0-05 0-00015 — 
Nd (oak) 13 бс [a = 
Gis. (teak) 17 p ia ME 
SS е = 
Quartz 51—Т'1 31 E Р = 


COMME GENER E 
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TABLE 6 
Velocity of Sound 
(At 20°C unless otherwise stated) 


Substance Velocity of Substance Veloci'y of 
longitudinal longitudinal 
^ wave (ms-!) wave (015—1) 

1177 Hydrogen (0°C 1284 

УОТА 5240 Iron mos 5170 
Air (0°C) 331:45 Mercury 1451 
*Brass 3130—3450 Nitrogen (0°) 334 
*Copper (annealed) 3790 Steel (tool) 5150 
Carbon dioxide (0°C) 259 Water 1484 
*Glass, Crown 4710—5300 Water vapour (100°C) 405 
*Glass, flint 3490—4550 Oxygen (0°C) 316 

EEO 1 
TABLE 7 


Standard Wire Gauge 
] Size (S.W.G.) Diameter (mm) Size (S.W.G.) Diameter (mm) 
ee) Заа ameter (mm) | 


1 7:62 16 1:63 
2 701 17 142 
3 6:40 18 122 
4 5:89 19 1:02 
5 5:38 20 0:914 
6 4:88 21 0813 
7 447 22 0711 
8 4'06 23 0:610 
9 3°66 24 0:559 
10 3:25 25 0:508 
11 295 26 0:457 
12 2:64 27 0°417 
15 2 28 69376 
14 2:03 29 0:345 
15 1:83 30 0315 
31 0:295 
32 0:274 
33 0:254 
34 0:234 
35 0218 
36 0:198 
37 0:173 
38 0:152 
39 0:132 


40 0:122 


e m HS 
In case of solids velocities of loasitüdinal waves in thin rods are quoted. 
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TABLE 8 


Coefficient of friction of common things 
Aa Ee RD 


Substance Condition Coefficient of dynamic 
Sriction 
eo Cs 

Glass on glass Clean and dry 0:18 
Wood on glass Clean and dry 02 to 03 
Wood on wood Clean and dry 0:25—0:5 
Wood on steel Clean and dry 0720 to 025 
Steel on steel Clean and dry 0:17—0723. 
Steel on steel Greased 0°05 
Stone on concrete Dry 045 

| Car tyre on concrete Moderate speed 0:40 

TABLE 9 


us Coefficient of expansion 
= o Dl 
Solids Coefficient of Liquids Coefficient of 


linear expansion .volume expansion 
| 10-K-1 10-*K 
Sw) юк Oo E а 
miuminium 24 Alcohol (ethyl) 112 
oa 18 to 19 Alcohol (methyl) 122 
| Соррег 16:7 Benzene 124 
Constantan 18 Ether (ethyl) 163 
ана (Pyrex) 3 Glycerine 53 
lass (soft soda) 8:5 Mercury r8 
оп (cast 100 Water (15°C) 15 
qe (Wrought) 120 Water (99°C) 7 
Ste 510 Kerosene Oil 100 
D 110 Turpentine э 
A 230 Olive Oil T2 
Zinc : 
Platinum 28:0 
Silver 8:9 


TABLE 10 


Density of Water at Various Temperatures (in gm/cm?) 


Temp 
A 9 2 s б 8 10 12 14 16 18 
EE 199391 100000 | ‘99997 99988 99973 -99953 | -99927 | "99897 | 99862 
20 | -99822 99780 99732 | -99681 99626 195913 at ата ee 
40 | :9922 :9915 :9907 | -9898 9890 “9881 9872 | :9862 | -9853 | -9843 
a Ieee 2822 9811 | -9801 9787 9778 9767 | -9755 | -9743 | 9731 
100 9138 2108 2693 “9680 9667 :9653 -9640 9626 9612 9598 


Se eee eee ae 


TABLE—11 


Boiling Points of Water at Various Barometric Heights 


2 3 4 5 6 7 8 9 
788 827 866 906 945 984 98:023 062 
180 219 258 296 335 374 413 451 
567 606 644 683 721 759 798 816 
950 989 99:027 065 102 140 178 216 
329 367 405 442 480 517 554 592 
104 741 778 815 852 889 926 963 

074 110 147 184 220 257 294 330 
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TABLE 12 


Vapour Pressure of Water at Various Temperatures 


3 4 5 6 7 8 9 
6:681 6:097 6:541 7011 7:511 8:042 8:606 
11:226 11:980 12-719 13-624 14'517 15:460 16:456 
21:02 22:32 23:69 25°13 26°65 28:25 29:94 
39°75 44:40 49:90 49°51 52:26 


LET 


` APPENDIX 
Logarithm Tables 
LOGARITHMS 


EE 


x 
3 
a 


371 

1417 
6 10 | 131619 

131619 

6 9 | 121519 

69 


w uw سا‎ 


z 
5 


è fe e Ja [e le le je ie] 


141618 
141517 
131517 
121416 


л їл {чл с о © ala a vara sir о‏ ماي 
wo æa ojo oe‏ ص أده نه د ډ о = Qala‏ = 


e æ w o ojo ю о о 


LOGARITHMS 


ыыы 
ыы м 


N 


ю 9 دمام دم دم‎ nN юы ю/ю ю ыы wjn 


о> > د د ادد‎ > oR|R nun 
eoo مه هه مه ماأها ما‎ л |м t هه مه مه‎ 


о о/о о о о ооо о ~ = 
о> > о> aja > د د‎ alae aun 


ANTILOGARITHMS 


ANTILOGARITHMS 


© о|о o 
we mle æ æ æ uja ب ت‎ мз alo 


e c 2 د أده‎ ulna 
зо ډه‎ ralananaaalanun 
о o © ب د ادت = © ® مام‎ Ba ala © о ه‎ aloo 


101112 
101113 
101113 
101213 
111214 
111214 
111314 
111315 
121315 


121315 
121416 
121416 
131416 
131517 
131517 
141517 
141618 
141618 
151719 
151719 
15172 
1618 20 
161820 


NATURAL SINES 


> 
C 


9 uo ө wi» » wv ole e € aujo GG Goole e o» o ule w € o فالات‎ we e w wie & e о 


ө өю 9 9 ely 


NATURAL SINES 


Mean 


Differences 


==: 


NATURAL COSINES 
[Numbers in difference columns to be subtracted, not added.] 


(vii) 


NATURAL COSINES 
` [Numbers in difference columns to be subtracted, not added.] 


Mean 
Differences 
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